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Re port a data en-or 

Abstract of WO03018791 

A method of detecting a toxic substance by a biological procedure. Namely, a toxic substance is 
detected by assaying mRNA corresponding to a gene expressed from cells containing the gene sele 
from the group consisting of the following yeast gene and genes with various origins homologous t 
yeast gene. 

A method of detecting a toxic substance by a biological procedure. Namely, a toxic substance is 
detected by assaying mRNA corresponding to a gene expressed from cells containing the gene sele 
from the group consisting of the following yeast gene and genes with various origins homologous 1 
yeast gene. 
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Description of corresponding document: EP1426438 
FILED OF THE INVENTION 



[0001] This invention relates to biology-based processes for detecting toxic substances, and specific- 
processes for detecting toxic substances which comprises detecting mRNA that is transcribed in the 
presence of test materials by a particular gene from yeast. 
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BACKGROUND ART 



[0002] Environmental chemical fate search has been conducted every year for 24 years from 1 974 tl: 
1998 by Environment Agency, and revealed that about 40% of 775 chemical substances that have be 
searched so far are emitted into the environment. Chemical substances that are industrially produced 
present in Japan are estimated about 50,000, and the production scale and the kinds of chemical subs 
are increasing year by year. It is known that chemical substances that are accidentally produced by v 
treatment with chlorine and incineration pollute the environment. Although such facts allow us to pr 
that there are a large number of chemical substances that have been accumulated in the environment 
extremely difficult to search and examine individually the all chemical substances. 

[0003] Conventional bioassays (approaches to evaluate the harmful effects on biological materials o: 
basis of their responses) wherein inhibited growth and particular biological responses in individuals 
cells of fishes, daphnia and shellfish are used as indicators make it possible to determine the presenc 
absence of the toxicity of chemical substances in the environment, but neither possible to evaluate tl: 
characters nor origins of the toxicity. The evaluation methods based on the activity of nitrite-forminj 
bacteria or nitrate-forming bacteria (Japanese Patent Publication (kokai) No. 123705/1994, Japanese 
Publication (kokai) No. 2000-206087) and the activity of iron bacteria have been proposed, and devi 
such as Acute toxiciants monitor (Fuji Electric Corporate Research and Development, Ltd. Japan) ar 
marketed in Japan. In foreign countries, the devices for evaluation based on emission intensity of lui 
bacteria are commercially available (MICROTOX, a2xir, Co., USA; LUMIS, drlange, Co. Germany) 
However, those devices still involve conventional bioassays, and never provide any detailed informz 
toxic chemical substances. 

[0004] In Japan, the risk control of chemical substances is reconsidered every time a chemical substj 
pollution is newly found, and official regulations and self-imposed regulations are combined to orga 
the system for risk control. However, any system has not been yet organized that could quickly respc 
the present complicated and diversified conditions including accidental productions and environmen 
emission of toxic chemical substance as typified by trihalomethane and dioxin. Animal experiments 
used in the method for evaluation of toxic substance of "Law Concerning Examination and Manufac 
etc. of Chemical Substances" are expensive and time-consuming, and are not accepted across the wo 
Although, as such, the control system has been continuously discussed, it has not been successfully 
accomplished because there is no way to dissolve the problem. Thus, a method for detect readily cht 
substances occurring in the environment is desired. 



DISCLOSURE OF THE INVENTION 

[0005] The inventors of the present application found that a toxic substance induces the expression c 
mRNA firom particular yeast genes, £ind accomplished the present invention. 

[0006] Specifically, the invention of the present application relates a process for detecting a toxic 
substance, which comprises detecting mRNA that is expressed in the presence of a test material by a 
comprising a yeast gene that is selected fi-om a group consisting of the following, or a gene that is 
homologous to the yeast genes and is derived fi-om other species, wherein the mRNA corresponds to 
yeast gene or said homologous gene thereof: 

YBR072W, YCR102C, YCR107W, YDL218W, YDL243C, YDR453C, YDR533C, YFL014W, 
YFL056C, YFL057C, YGRl lOW, YJR155W, YKL071W, YKR076W, YLL060C, YLR460C, 
YMR090W, YNL331C, YNL332W, YNL335W, YOL150C, YOL165C, YPL171C, YPR167C, 
YBL048W, YBL064C, YBL107C, YBR008C, YBR173C, YBR256C, YBR296C, YDL021 W, YFL 
YFL024C, YFL061W, YGL121C, YGL158W, YGR043C, YHR029C, YHRl 12C, YHR139C, 
YHR179W, YHR209W, YIR030C, YJROlOW, YJR048W, YKLOOIC, YKL107W, YKR075C, 
YKR097W, YLL056C, YLR297W, YLR303W, YML087C, YMR096W, YNL274C, YOL151 W, 
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YOR226C, YOR338W, YOR391C, YPL280W, ■YDR4b6W, YJL153C, YLR346C, YOR049C, 
YOR153W, YPL088W, YAL034C, YDL124W, YDL174C, YDR476C, YGL156W, YGR035C, 
YGR157W, YGR213C, YGR281W, YGR284C, YHL047C, YHR043C, YHR044C, YHR054C, YJI 
YKL165C, YLR008C, YMR315W, YNL21 IC, YOL031C, YOLIOIC, YOR303W, YAL005C, 
YAR031W, YBL005W-A, YBL022C, YBL041W, YBL049W, YBL075C, YBL078C, YBR062C, 
YBR169C, YBR294W, YCL020W, YCL035C, YCL043C, YCL050C, YCL057W, YCR012W, 
YCR013C, YCR060W, YDL007W, YDL027C, YDL097C, YDLl IOC, YDL126C, YDL169C, YDI 
YDR155C, YDR158W, YDR204W, YDR210W, YDR214W, YDR258C, YDR313C, YDR368W, 
YDR435C, YER012W, YER037W, YER091C, YER103W, YFL044C. YFR003C, YFROlOW, YFF 
YFR024C, YFR044C, YFR053C, YGL006W, YGL048C, YGL062W, YGL141W, YGL157W, 
YGL163C, YGL180W, YGL184C, YGROlOW, YGR028W, YGR032W, YGR048W, YGR124W, 
YGR135W, YGR142W, YGR161C, YGR192C, YGR197C, YGR201C, YGR2 1 2W, YGR23 1 C, 
YGR244C, YGR254W, YGR268C, YHL030W, YHR016C, YHR018C, YHR055C, YHR087W, 
YHR166C, YIL160C, YIR017C, YJL034W, YJL048C, YJL052W, YJL144W, YJL163C, YJR009C 
YJR069C, YJR074W, YJR130C, YJR149W, YKL065C, YKL073W, YKL103C, YKL142W, YKL: 
YKL218C, YKROl IC, YKR018C, YKR046C, YKR049C, YLL024C, YLL026W, YLR027C, YLRi 
YLR107W, YLR121C, YLR132C, YLR133W, YLR155C, YLR158C, YLR161W, YLR195C, YLR 
YLR328W, YLR336C, YLR345W, YLR370C, YLR423C, YML004C, YML092C, YML128C, 
YML130C, YML131W, YMR040W, YMRl 18C, YMR214W, YMR251W, YMR297W, YMR322C 
YNL036W, YNL055C, YNL071W, YNL094W, YNL134C, YNL155W, YNL160W, YNL239W, 
YNL241C, YOL005C, YOR020C, YOR027W, YOR037W, YOR059C, YOR120W, YOR134W, 
YOR152C, YOR173W, YOR289W, YOR362C, YPL240C, YPR030W, YAL008W, YAL023C, 
YAL060W, YAL062W, YAR009C, YBLIOIC, YBR006W, YBR046C, YBR052C, YBR053C, 
YBR056W, YBR099C, YBR137W, YBR139W, YBR149W, YBR170C, YBR177C, YBR203W, 
YBR207W, YBR212W, YBR239C, YBR284W, YBR293W, YCL018W, YCL033C, YCL040W, 
YCL049C, YCR062W, YCR067C, YCR082W, YDLOlOW, YDL020C, YDL024C, YDL054C, 
YDL095W, YDLIOOC, YDLl 15C, YDL144C, YDL198C, YDL223C, YDL245C, YDL246C, YDR 
YDR032C, YDR058C, YDR072C, YDR127W, YDR168W, YDR169C, YDR188W, YDR231C, 
YDR261C, YDR264C, YDR272W, YDR293C, YDR304C, YDR330W, YDR403W, YpR41 IC, 
YDR427W, YDR436W, YDR497C, YDR51 IW, YDR516C, YDR519W, YDR545W, YEL012W, 
YEL030W, YER004W, YER009W, YER021W, YER035W, YER053C, YER079W, YER094C, 
YER096W, YER125W, YER158C, YER163C, YER175C, YER177W, YER178W, YER185W, 
YFL006W, YFLOIOC, YFL016C, YFL029C, YFL030W, YFL031W, YFL032W, YFL038C, YFLO' 
YFR004W, YFR047C, YFR050C, YFR052W, YGLOl IC, YGL013C, YGL037C, YGL047W, YGL 
YGL091C, YGL094C, YGL127C, YGL150C, YGL199C, YGL207W, YGL248W, YGR008C, YGI 
YGR055W, YGRIOIW, YGR130C, YGR154C, YGR194C, YGR221C, YGR232W, YGR248W, 
YGR253C, YGR256W, YHL008C, YHR027C, YHR053C, YHR057C, YHRl 1 IW, YHR138C, 
YHR161C, YHR164C, YHR169W, YHR174W, YHR176W, YHR199C, YILOlOW, YIL034C, YIL 
YIL045W, YIL087C, YIL107C, YIL142W, YIL155C, YIR034C, YIR036C, YIR037W, YIR038C, 
YIR039C, YJLOOIW, YJL031C, YJL035C, YJL053W, YJL057C, YJL066C, YJL068C, YJL082W, 
YJL099W, YJL102W, YJL151C, YJL152W, YJL161W, YJL164C, YJL171C, YJL172W, YJL210\ 
YJL219W, YJR008W, YJR045C, YJR046W, YJR106W, YJRl 17W, YJR137C, YKL007W, YKLO: 
YKL035W, YKL091C, YKL104C, YKL117W, YKL145W, YKL146W, YKL151C, YKL152C, 
YKL153W, YKL193C, YKL195W, YKL213C, YKL215C, YLL028W, YLL039C, YLL058W, YLl 
YLR103C, YLR120C, YLR136C, YLR149C, YLR152C, YLR178C, YLR259C, YLR299W, YLR3 
YLR327C, YLR348C, YLR350W, YLR356W, YLR362W, YLR387C, YLR429W, YML054C, 
YML070W, YMLIOOW, YMLl 17W, YML125C, YMR004W, YMR008C, YMR009W, YMR020V 
YMR067C, YMR089C, YMR097C, YMR102C, YMR105C, YMR107W, YMR152W, YMR180C, 
YMR184W, YMR191W, YMR219W, YMR271C, YMR275C, YMR295C, YMR314W, YMR316V^ 
YNL006W, YNL007C, YNL012W, YNL044W, YNL045W, YNL074C, YNL092W, YNL093W, 
YNL104C, YNLl 15C, YNL156C, YNL231C, YNL234W, YNL237W, YNL281W, YNL305C, 
YNL333W, YNROlOW, YNR019W, YNR033W, YNR059W, YNR068C, YNR069C, YOL032W, 
YOL036W, YOL047C, YOL071W, YOL082W, YOL083W, YOLl 17W, YOLl 19C, YOL126C, 
YOL131W, YOL153C, YOL162W, YOL163W, YOL164W, YOR019W, YOR035C, YOR036W, 
YOR099W, YORl 17W, YOR124C, YOR130C, YOR132W, YOR157C, YOR185C, YOR197W, 
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YOR259C, YOR261C, YOR273C, YOR288C, YOR332W, YOR336W, YOR347C, YPL017C, 
YPL087W, YPL106C, YPL109C, YPL149W, YPL154C, YPL196W, YPL206C, YPL222W, YPRO: 
YPR024W, YPR026W, YPR067W, YPR103W, YPR108W, YPR151C, YAL012W, YBR029C, 
YBR222C, YCL009C, YCL027W, YCL064C, YCR098C, YDL222C, YDR055W, YDR077W, 
YDR502C, YELOOIC, YEL042W, YER026C, YER106W, YGR136W, YGR138C, YHR137W, 
YHR142W, YIL023C, YIL153W, YJL073W, YJR004C, YJR054W, YKL039W, YKL086W, YKLl 
YKR091W, YLR109W, YLR194C, YLR250W, YMR095C, YMR189W, YNL106C, YNL169C, 
YNL322C, YOR181W, YOR198C, YOR208W, YOR247W, YPL089C, YAL038W, YAL053W, 
YBR023C, YBR214W, YBR295W, YCR048W, YDL072C, YDL204W, YDR085C, YDR098C, 
YDR259C, YDR380W, YDR388W, YDR391C, YDR432W, YDR481C, YDR510W, YER069W, 
YGL022W, YGL126W, YGL209W, YGL255W, YGR189C, YGR282C, YHL035C, YHR030C, 
YIL022W, YIL024C, YILl 17C, YIL123W, YIL140W, YIL154C, YJL088W, YJL108C, YJL149W, 
YJL159W, YJL186W, YJR148W, YKL096W, YLR180W, YLR273C, YLR300W, YLR307W, YLl 
YLR391W, YMR094W, YMR104C, YMR276W, YMR296C, YNL190W, YNL208W, YNL300W, 
YNR064C, YOL013C, YOL058W, YOR248W, YOR355W, YPL052W, YPL163C, YPR079W, 
YAR028W, YBR146W, YBR183W, YCL038C, YCR071C, YDL008W, YDR019C, YDR031W, 
YDRl 15W, YDR486C, YER038C, YER130C, YFL054C, YGL136C, YGR146C, YGR207C, YHL' 
YIL167W, YJL020C, YKR039W, YLR031W, YLR205C, YMR072W, YMR140W, YMR173W, 
YMR195W, YMR226C, YNL037C, YNR002C, YOL143C, YOR136W, YOR215C, YOR382W, 
YOR383C, YPL054W, YPL271W, YPR127W, YAL044C, YAL054C, YAROIOC, YAR027W, 
YAR071W, YBLOOIC, YBL043W, YBL057C, YBR014C, YBR024W, YBR035C, YBR068C, YBl 
YBRl 16C, YBR147W, YBR168W, YBR246W, YBR273C, YCR004C, YCR021C, YCR037C, 
YCR088W, YDL022W, YDL128W, YDL238C, YDR003W, YDR009W, YDR033W, YDR084C, 
YDR104C, YDR270W, YDR315C, YDR340W, YDR357C, YDR358W, YDR396W, YDR405W, 
YDR410C, YDR434W, YDR482C, YDR487C, YDR520C, YDR534C, YDR539W, YELOl IW, 
YEL065W, YEL066W, YER039C, YER044C, YER067W, YER080W, YER107C, YFL020C, YFL 
YFL043C, YFR015C, YGLOOIC, YGL008C, YGL068W, YGL073W, YGL104C, YGLl 13W, YGI 
YGL167C, YGL229C, YGL242C, YGL249W, YGL253W, YGR052W, YGR060W, YGR065C, 
YGR106C, YGRl 1 1 W, YGR220C, YGR257C, YHL023C, YHL048W, YHR004C, YHR037W, 
YHR071W, YHR092C, YHR190W, YIL007C, YIL033C, YIL070C, YIL088C, YILl 1 IW, YIR002' 
YIR016W, YIR035C, YIR043C, YJL012C, YJL083W, YJL089W, YJLl 16C, YJL131C, YJL132W 
YJL196C, YJR061W, YJR086W, YJR142W, YJR161C, YKL008C, YKL013C, YKL041W, YKLO< 
YKL138C, YKL139W, YKL150W, YKL175W, YKR006C, YKR014C, YKR070W, YLL023C, 
YLR023C, YLR093C, YLR118C, YLR142W, YLR225C, YLR241W, YLR251W, YLR252W, 
YLR270W, YML030W, YMLl IOC, YMR021C, YMR027W, YMR148W, YMR181C, YMR262W. 
YMR272C, YMR298W, YNLOl IC, YNL130C, YNL214W, YNL259C, YOL129W, YOR042W, 
YOR052C, YOR137C, YOR149C, YOR165W, YOR270C, YOR285W, YOR367W, YPL018W, 
YPL156C, YPL186C, YPL203W, YPL216W, YPL255W, YPR006C, YPR073C, YPR098C, YBRO: 
YBR145W, YBR299W, YDR518W, YEL020C, YFL062W, YGL039W, YGL134W, YJL217W, 
YJR159W, YLR126C, YNL249C, YNL284C, YNL336W, YOL157C, YOR344C, YOR381W, YPL 
YPR124W, YBR074W, YBR109C, YBR126C, YBR201W, YCR005C, YDL248W, YDR041W, 
YDR105C, YDR268W, YDR452W, YEL075C, YER046W, YER050C, YER136W, YER159C, 
YGL250W, YGR019W, YGR042W, YGR053C, YGR066C, YGR247W, YGR255C, YGR295C, 
YHL044W, YHR145C, YIL058W, YIL065C, YIL083C, YIL098C, YIL172C, YJL030W, YJL185C 
YJL213W, YJR029W, YJR099W, YJR122W, YJR125C, YKL190W, YKR020W, YLL025W, YLL 
YLR043C, YLR090W, YLRIOOW, YLR108C, YLR290C, YML068W, YMR051C, YMR139W, 
YMR178W, YMR193W, YNL015W, YNL079C, YNL122C, YNL223W, YNL285W, YNL293W, 
YNR007C, YNR035C, YNR061C, YOL016C, YOL104C, YOR220W, YOR221C, YOR374W, YP] 
YPR077C, YPR107C, YPR147C, YBR093C, YBR196C, YEL041W, YEL047C, YER023W, YERl 
YFL055W, YGR209C, YIL124W, YKL187C, YLL055W, YMR318C, YOL152W, YAL007C, YBl 
YBR115C, YBR285W, YBR292C, YDL043C, YDL123W, YDL131W, YDL168W, YDL212W, 
YDR056C, YDR132C, YDR154C, YDR183W, YDR216W, YDR253C, YDR295C, YDR494W, 
YDR513W, YEL072W, YER045C, YER061C, YER181C, YFL052W, YFL058W, YFR030W, YGI 
YGL096W, YGLl 14W, YGL193C, YGL202W, YGL204C, YGL259W, YGR006W, YGR070W, 
YGR088W, YHL034C, YHL036W, YHR048W, YHR104W, YHR163W, YIL060W, YIL136W, 
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YIR024C, YJL036W, YJL045W, YJL060W, YJLIOIC:, YJL155C, YJR085C, YJR109C, YJR156C, 
YKL070W, YKL161C, YKL221W, YKR071C, YLL009C, YLL050C, YLR092W, YLR145W, 
YLR156W, YLR163C, YLR220W, YLR280C, YLR311C, YLR390W, YMLl 16W, YMR034C, 
YMR038C, YMR081C, YMR250W, YNL240C, YNL260C, YNL277W, YNR074C, YOL044W, 
YOL084W, YOL147C, YOL159C, YOR184W, YOR228C, YOR255W, YPL223C, YPR160W, 
YDL182W, YBR047W, YBR054W, YBR291C, YDR069C, YER124C, YER131W, YGR044C, YI] 
YKR007W, YMR240C, YNR050C, YOR007C, YAL015C, YBL065W, YBR105C, YBR182C, 
YBR186W, YBR244W, YBR272C, YCL069W, YDL025C, YDL059C, YDL085W, YDLl 13C, 
YDL244W, YDR018C, YDR054C, YDR202C, YDR223W, YDR350C, YDR353W, YDR374C, 
YDR512C, YEL052W, YEL070W, YER098W, YFR017C, YGL046W, YGL067W, YGL098W, 
YGLl 17W, YGL146C, YGL240W, YGROl IW, YGR067C, YGR133W, YGR153W, YGR223C, 
YHRl 16W, YHR124W, YIL097W, YIL168W, YJL103C, YJL221C, YJR036C, YJR095W, YKLOi 
YKL133C, YKL162C, YKL188C, YKL217W, YKR061W, YKR105C, YLL062C, YLR174W, YLl 
YLR247C, YLR260W, YLR267W, YLR389C, YML007W, YMR041C, YMR177W, YMR253C, 
YNL009W, YNLl 17W, YNL128W, YNL183C, YNR073C, YOL133W, YOL158C, YOR133W, 
YOR225W, YOR227W, YPL161C, YPL166W, YPL202C, YPL224C, YPR015C, YPR086W, YPR 
YAL061W, YAL067C, YAR007C, YBL033C, YBL056W, YBL086C, YBR026C, YBR073W, YBl 
YBRl 17C, YBR123C, YBR213W, YBR269C, YBR280C, YCR036W, YDL132W, YDL149W, 
YDL200C, YDL234C, YDL242W, YDR099W, YDR177W, YDR256C, YDR392W, YDR394W, 
YDR531W, YEL071W, YER014W, YER042W, YER090W, YER184C, YFL059W, YFR042W, 
YFR046C, YFR049W, YGL026C, YGL058W, YGL185C, YGL227W, YGL252C, YGL254W, 
YGR089W, YGRl 12W, YGR134W, YGR276C, YHL019C, YHR012W, YHR017W, YHR028C, 
YHR106W, YHR109W, YHR156C, YIL036W, YIL046W, YIL143C, YIL152W, YIL159W, YILU 
YJL071 W, YJL094C, YJL154C, YJR056C, YJR072C, YJRl lOW, YJR139C, YKL025C, YKL034^ 
YKL064W, YKL171W, YKL196C, YKR012C, YKR068C, YKR069W, YLLOOIW, YLL057C, 
YLL061W, YLR064W, YLR070C, YLR099C, YLR144C, YLR157C, YLR160C, YLR164W, YLR 
YLR421C, YML032C, YML042W, YMLl 12W, YMLl 1 8W, YMRl 14C, YMRl 15W, YMR258C, 
YNL181W, YNL191W, YNL212W, YNL213C, YNL250W, YNL265C, YNL312W, YNR032W, 
YOL038W, YOL049W, YOL064C, YOR088W, YOR155C, YOR257W, YOR265W, YOR377W, 
YOR386W, YPL031C, YPLl 13C, YPL124W, YPL151C, YPL249C, YPL260W, YPL274W, YPRO 
YPR061C, YPR093C, YPR125W, YPR158W, YPR168W, YPR169W, YPR174C, YPR180W, YPR 
YPR200C, YAL014C, YAL017W, YAL049C, YBL019W, YBL058W, YBROOIC, YBR013C, YBI 
YBR037C, YBR045C, YBR051W, YBR063C, YBR128C, YBR129C, YBR204C, YBR241C, YBR 
YBR281C, YCL044C, YCL055W, YCR014C, YCR019W, YCR024C, YCR105W, YDL065C, 
YDL089W, YDL143W, YDL173W, YDL193W, YDL197C, YDL206W, YDL230W, YDL233W, 
YDR040C, YDR071C, YDR078C, YDR109C, YDR140W, YDR194C, YDR212W, YDR221W, 
YDR257C, YDR271C, YDR287W, YDR294C, YDR316W, YDR329C, YDR338C, YDR369C, 
YDR421W, YDR425W, YDR485C, YDR488C, YDR504C, YDR505C, YDR506C, YDR515W, 
YEL005C, YEL037C, YEL044W, YER017C, YER048C, YER052C, YER078C, YER089C, YERO< 
YERIOOW, YER162C, YER182W, YFL021W, YFL042C, YFR045W, YFR051C, YFR056C, YGL 
YGL041C, YGL045W, YGL057C, YGL093W, YGL105W, YGL125W, YGL166W, YGL181W, 
YGL183C, YGL215W, YGL216W, YGL221C, YGL223C, YGR007W, YGR029W, YGR155W, 
YGR156W, YGR186W, YGR198W, YGR210C, YGR211W, YGR237C, YGR250C, YGR258C, 
YGR266W, YGR270W, YGR274C, YGR277C, YHL021C, YHL037C, YHL038C, YHR082C, 
YHR083W, YHR134W, YHR160C, YHR171W, YHR180W, YHR205W, YIL062C, YIL072W, 
YIL075C, YIL099W, YIL108W, YIL165C, YIL170W, YIR009W, YIR018W, YIR031C, YIR032C 
YJL032W, YJL049W, YJL128C, YJL165C, YJR044C, YJR052W, YJR090C, YJR091C, YJR103\^ 
YJR104C, YJRl 53 W, YKL059C, YKL079W, YKL090W, YKL094W, YKL192C, YKL209C, YKI 
YKR102W, YKR106W, YLL054C, YLR025W, YLR097C, YLR200W, YLR226W, YLR248W, 
YLR266C, YLR392C, YLR427W, YML013W, YML029W, YML041C, YML051W, YML078W, 
YML079W, YML088W, YML099C, YMR056C, YMR068W, YMR091C, YMRl IOC, YMR160W: 
YMR186W, YMR255W, YNL005C, YNL026W, YNL039W, YNL063W, YNL064C, YNL077W, 
YNL083W, YNL147W, YNL176C, YNL194C, YNL253W, YNL257C, YNL261W, YNL264C, 
YNL276C, YNR006W, YNR034W, YNR047W, YNR051C, YNR071C, YOL065C, YOL067C, 
YOR005C, YOR008C, YOR022C, YOR023C, YOR058C, YOR069W, YOR087W, YOR138C, 
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f 

YOR229W, YOR256C, YOR267C, YPL005 W, " YPL020C, YPL022W, YPL105C, YPL147W, YPL 
YPL152W, YPL164C, YPL168W, YPL 1 SOW, YPL188W, YPL194W, YPR025C, YPR()47W, YPR 
YPR066W, YPR081C, YPR134W, YPR140W, YPR148C, YPR155C, YPR172W, YPR185W, YAL 
YAR064W, YBR012C, YBR076W, YBR287W, YDR043C, YDR250C, YDR373W, YFR014C, 
YGL191W, YGR180C, YHR136C, YJL026W, YJL037W, YLR038C, YNL058C, YOR031W, YGI 
YIL166C, YHR008C, YIL129C, YGL256W, YJR030C, YMR077C, YBR264C, YPL177C, YKR04 
YGL056C, YDR128W, YGR139W, YBLIOIW-A, YOR253W, YOL026C, YDR278C, YHR095W, 
YCL042W, YNL200C, YPL221W, YLR415C, YMR058W, YPR037C, YER072W, YML028W, 
YOR325W, YAL039C, YMRl 12C, YJR107W, YGL088W, YJR058C, YNL142W, YDR090C, 
YMR071C, YBL093C, YGR293C, YML055W, YDL017W, YDL210W, YGL055W, YCL025C, 
YDR080W, YDL181W, YNR030W, YJL017W, YIL127C, YDR281C, YDR366C, YFR026C, YJL! 
YPL215W, YEL019C, YBR132C, YHL018W, YNL196C, YPL038W, YAR047C, YPL262W, YHI 
YPL225W, YBR124W, YOR148C, YKR053C, YBL044W, YER029C, YLR360W, YCL056C, 
YCR007C, YGR239C, YNL256W, YPR146C, YLR377C, YKL097C, YBR066C, YLR338W, YDL 
YBR253W, YJR027W, YKL198C, YBL030C, YBR031W, YBRl 18W, YBR162C, YBR221C, 
YCR024C-A, YCR106W, YDL046W, YDR012W, YDR133C, YDR134C, YDR276C, YDR342C, 
YDR343C, YEL027W, YEL034W, YGR038W, YGR243W, YGR279C, YHR094C, YHR105W, 
YHR175W, YHR181W, YIL056W, YIL162W, YJL059W, YJL097W, YJL158C, YJR105W, YKL( 
YKL056C, YKL097W-A, YKLIOOC, YKL141W, YKR066C, YLR134W, YLR258W, YLR339C, 
YML058W, YMR083W, YMR203W, YNL209W, YNL307C, YOL030W, YOR178C, YPL028W, 
YPR028W, YPRl 13W, YPR149W, YPR150W, YPR183W, YAL016W, YBL099W, YBLIOOC, 
YBROl IC, YBR096W, YBRIOOW, YBR127C, YBR283C, YBR286W, YCL008C, YCL058C, YCl 
YCR034W, YCR069W, YDL015C, YDL023C, YDL061C, YDL086W, YDR038C, YDR039C, 
YDR050C, YDR151C, YDR178W, YDR233C, YDR284C, YDR298C, YDR345C, YDR359C, 
YDR382W, YDR385W, YDR400W, YDR407C, YDR538W, YEL024W, YEL033W, YEL063C, 
YER057C, YER081W, YER120W, YFLOl IW, YGL012W, YGL206C, YGR022C, YGR026W, 
YGR082W, YGR107W, YGR172C, YGR191W, YGR204W, YGR260W, YHL005C, YHL046C, 
YHR025W, YHR026W, YHR123W, YHR126C, YHR143W, YILOl IW, YIL015W, YIL018W, YIl 
YIR041W, YJL016W, YJL121C, YJL133W, YJL138C, YJL191W, YJR018W, YJR047C, YJR077( 
YJRl 19C, YJR121W, YJR123W, YJR143C, YJR145C, YKL060C, YKL147C, YKL148C, YKL15' 
YKL164C, YKL169C, YKR033C, YLL041C, YLL064C, YLR041W, YLR044C, YLR056W, YLR< 
YLR081W, YLR089C, YLRl IOC, YLR177W, YLR264W, YLR284C, YLR304C, YLR340W, YLl 
YLR372W, YLR388W, YML022W, YMR007W, YMROl 1 W, YMROl 5C, YMR092C, YMRIOIC, 
YMR156C, YMR205C, YMR215W, YMR261C, YMR323W, YNL069C, YNL135C, YNL195C, 
YNR076W, YOL039W, YOL073C, YOL086C, YOL120C, YOL156W, YOL161C, YOR002W, 
YOR009W, YOROIOC, YOR085W, YOR108W, YOR128C, YOR129C, YOR142W, YOR161C, 
YOR176W, YOR230W, YOR298W, YPL004C, YPL036W, YPL048W, YPL057C, YPL059W, 
YPL061W, YPL135W, YPL179W, YPL218W, YPL220W, YPL246C, YPL272C, YPR063C, YPR( 
YPR181C, YBR290W, YCROIOC, YCR091W, YDL107W, YDL129W, YDR066C, YDR529C, 
YFL026W, YGL018C, YGL059W, YNL144C, YOR003W, YAL037W, YAR023C, YBR003W, 
YBR020W, YBR044C, YBR091C, YBR185C, YBR282W, YCR015C, YCR038C, YCR043C, YDI 
YDL146W, YDL220C, YDR057W, YDR123C, YDR125C, YDR222W, YDR225W, YDR277C, 
YDR286C, YDR347W, YDR408C, YDR438W, YDR479C, YDR483W, YEL039C, YEL057C, 
YEL073C, YER066W, YER076C, YER084W, YER121W, YER189W, YFLOl 7C, YFL046W, 
YFR006W, YFR008W, YGLl 15W, YGL208W, YGL214W, YGL218W, YGR021W, YGR023W, 
YGR024C, YGR064W, YGR076C, YGR096W, YGR108W, YGR174C, YGR182C, YGR236C, 
YGR288W, YHL042W, YHR195W, YHR210C, YIL006W, YIL012W, YIL028W, YIL050W, YID 
YIL089W, YIL102C, YIL113W, YIL122W, YJLIOOW, YJL169W, YJL199C, YJR039W, YJROSO^ 
YJRIOIW, YKL003C, YKL016C, YKL061W, YKL093W, YKL121W, YKL160W, YKL170W, 
YKL194C, YKR034W, YKR067W, YLR006C, YLR016C, YLR030W, YLR036C, YLRl 12W, 
YLR125W, YLR128W, YLR204W, YLR21 IC, YLR233C, YLR257W, YLR288C, YLR326W, 
YLR334C, YLR395C, YLR408C, YLR414C, YLR444C, YML050W, YML107C, YML120C, YMl 
YMR053C, YMR073C, YMR162C, YMR204C, YMR206W, YMR284W, YNLOlOW, YNL025C, 
YNL127W, YNL139C, YNL217W, YOL116W, YOL118C, YOR053W, YORIOOC, YOR103C, 
YOR122C, YOR150W, YOR187W, YOR251C, YOR312C, YOR327C, YOR348C, YOR352W, 
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YOR388C, YOR394W, YPLOOl W, YPL033C, YPL066W, YPL148C, YPL230W, YPL275W, YPL 
YPR005C, YPR014C, YPR192W, YPR194C, YBR005W, YER025W, YFL027C, YGL080W, YGL 
YHL028W, YHR185C, YIL076W, YJL166W, YLR046C, YMR035W, YMR238W, YMR252C, 
YNL192W, YNL202W, YOL108C, YOR385W, YPR165W, YAR033W, YBL038W, YBR009C, 
YBROlOW, YBR151W, YCL067C, YCR096C, YDL137W, YDL192W, YDR073W, YDR086C, 
YDR224C, YDR377W, YDR378C, YER015W, YGL187C, YHR162W, YJL167W, YJL216C, YKI 
YLR165C, YMR197C, YNL157W, YOL002C, YOL109W, YOR180C, YPLOlOW, YPL233W, 
YBR036C, YDR297W, YGR149W, YGR224W, YNL043C, YPL067C, YPL170W, YCR046C, 
YDR387C, YFL050C, YGL051 W, YHR132C, YILl 12W, YJL141C, YKR098C, YLR052W, YLR^ 
YML129C, YNL203C, YNR014W, YOL043C, YOL096C, YPR184W, YAL028W, YAL055W, 
YAR062W, YBL095W, YBL102W, YBR122C, YBR157C, YBR161W, YBR251W, YBR298C, 
YCR039C, YCR083W, YDL018C, YDL067C, YDL078C, YDL091C, YDL215C, YDL216C, YDR 
YDR067C, YDR079W, YDR181C, YDR186C, YDR196C, YDR262W, YDR306C, YDR319C, 
YER188W, YGL004C, YGL035C, YGR036C, YGR062C, YGR120C, YGR131W, YGR141W, 
YGR167W, YGR287C, YHL024W, YHR080C, YHR097C, YIL077C, YJL046W, YJL070C, YJLO' 
YJL113W, YJL146W, YJL180C, YJR019C, YJR049C, YKR058W, YLL005C, YLR078C, YLR15 
YLR271W, YLR295C, YLR351C, YLR375W, YMR023C, YMR025W, YMR135C, YMR210W, 
YMR267W, YMR278W, YMR293C, YNL073W, YNR037C, YNR040W, YNR072W, YOR028C, 
YOR316C, YOR328W, YOR363C, YPL039W, YPL040C, YPL099C, YPL107W, YPL134C, YPLl 
andYPLMOC. 

[0007] The base sequences of those yeast genes and the amino acid sequences of the corresponding ] 
are disclosed in pubUc databases such as MIPS in Germany: Munich Information Center for Protein 
Sequence, and SGD in USA: Saccharomyces Genome Database, and are known via the internet. 

[0008] In addition to the yeast genes as described above, genes that are homologous to the yeast gen 
are derived from other species may be used in the invention. In this context, "a gene(s) that is (are) 
homologous to the yeast genes" means genes that comprise a base sequence having a homology of 5 
more, preferably 80% or more to the base sequences of yeast genes, and that encode a protein havinj 
same fiinctions as the proteins encoded by the yeast genes. 

[0009] Cells as used herein may be either eukaryotic or prokaryotic cells as long as they comprise th 
genes as described above. Preferred cells are yeast cells. 

[0010] Methods for detecting mRNA have been previously known, and any one of those methods m; 
used in the present invention. 

[001 1] As an embodiment of the invention, mRNA is detected through reverse transcription-PCR. R 
transcription-PCR is well known in the art. See, for example, NAKABEPPU Yusaku, et al.: Cell 
Technology, suppl. Tips series. Modified PGR Tips, Shujunsha Co.Ltd., 1999, pp25-43. For exampl 
invention comprises: 

(1) adding a test material to the cell, and incubating the mixture; 

(2) extracting mRNA from the cell; 

(3) preparing cDNA from the mRNA via reverse transcription using labeled nucleotides; and 

(4) hybridizing the cDNA as used as probe with the gene as described above. 

[0012] Incubation of cells may be conducted using usual media and usual temperatures. Test materit 
comprising a chemical substance to be tested are added to the medium, and the cells are incubated ft 
for several hours. Concentrations of the test materials are selected to not lead to cell death. Test mate 
may comprise one or more chemical substances. 

[0013] For methods of extraction of mRNA, it is well known that a polynucleotide having a poly T 
structure which is immobilized on the surface of magnetic beads or latex beads is used to trap the ml 
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and then the mRNA is washed and eluted with sjpine column in view of the fact that a poly A chain i 
attached to the 3' terminus of mRNA, which is readily conducted using a commercially available kit 
as Oligotex-dT30<Super>mRNA Purification Kit, Takara. The mRNA is reverse-transcribed with a 
reverse transcriptase (Super Script II Reverse Transcriptase; catalogue No. 18064-014, GibcoBRL) \ 
fluorescence-labeled nucleotides. As such, labeled cDNAs that are introduced with fluorescence-lab« 
nucleotides during the reverse transcription are obtained. Reverse transcriptases and nucleotides that 
labeled with Cy3-dUTP or Cy5-dUTP are also commercially available (for example, Super Script II 
Reverse Transcriptase; catalogue No. 18064-014, GibcoBRL). Fluorescence-labeled cDNAs are det< 
with a fluorophotometer. 

[0014] RT-PCR is a procedure for detection and quantitative determination of an intended RNA in a 
of the amplified cDNA, which comprises reverse-transcribing mRNA into cDNA with a reverse 
transcriptase, and conducting PGR using the cDNA as a starting material as well as specific primer s 
a thermostable DNA poljonerase. 

[0015] In the present step, a microarray containing the gene as described above (DNA tip) may be pi 
to hybridize them with the cDNAs, thereby facilitating the efficient detections, which is a preferred 
embodiment of the present invention. 

[0016] As another embodiment of the invention, the mRNA is detected by northem blotting. Northei 
blotting is well-known in the art (OGATA Nobukuni, NO JIM A Hiroshi: Genetic Engineering Keyw 
Book, revised 2nd ed., Yodosha, co.jp, 2000, pp299-301). For example, the process comprises 

(1) adding a test material to the cell, and incubating the mixture; 

(2) extracting mRNA fi-om the cell; and 

(3) hybridizing the mRNA with the gene as described above. 

[0017] Procedures of northem blotting comprises electrophoresing the RNA, transferring the pattern 
filter, and hybridizing it with a specific probe labeled with an isotope, thereby analyzing the presenc 
the amount of the mRNA in a sample as well as the length of the same. 

[0018] In the present step, a microarray containing the gene as described above (DNA tip) may be pi 
to hybridize them with the cDNAs, thereby facilitating the efficient detections. 

[0019] In further another embodiment of the present invention, the detection of mRNA is conducted 
detecting the production of a polypeptide encoded by the yeast gene as described above. The produc 
a polypeptide may be detected for example using an antibody directed to the polypeptide. 

[0020] Toxic substances to be detected according to the present invention include arsenic, cadmium, 
mercury, 4-nitroquinolin-N-oxide, 2,4,5-trichlorophenol, gamma -hexachlorocyclohexane, mangane 
ethylenebis(dithiocarbamate), 2,4,5,6-tetrachloro-l,3-benzenedicarbonitrile, tetramethylthiuram disu 
Zinc N,N'-ethylenebis(dithiocarbamate), gingerol, acrolein, and dimethylsulfoxide, all of which are 
mutagenic. 

[0021] The following examples are presented for purpose of further illustration of the invention, and 
examples are not intended to be limiting the invention in any respect. 

EXAMPLES 



Example 1 
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a 

t 

[0022] Yeast (Saccharomyces cerevisiae S288C (a SUC2mal mel gap2 CUPl)) were incubated at 2f 
C on YPD medium (yeast extract 1%, polypepton 2%, glucose 2%). One of toxic chemical substanc< 
added to the cells at logarithmic growth phase, and the cells were further incubated for two hours. O 
were cultured without any chemical substance in the same condition, and were used as control. 
Concentrations of the chemical substances were defined to inhibit the growth of the yeast but not lea 
death. 

<tb><TABLE> Columns=2 
<tb> 

<tb>Head Col 1 : Chemical Substances 
<tb>Head Col 2: Concentrations 
<tb>(l) Na2As<SEP>0.3mM 
<tb>(2) CdC12<SEP>0.3mM 
<tb>(3) HgC12<SEP>0.7mM 
<tb>(4) PbC12<SEP>2mM 

<tb>(5) 4-nitroquinolin-N-oxide<SEP>0.2 mu M 

<tb>(6) 2,4,5-trichlorophenol<SEP>16 mu M 

<tb>(7) gamma -hexachlorocyclohexane<SEP>1.3mM 

<tb>(8) manganese ethylenebis(dithiocarbamate)<SEP>2ppm 

<tb>(9) 2,4,5,6-tetrachloro-l,3- benzenedicarbonitrile<SEP>10 mu M 

<tb>(10) Tetramethylthiuram disulfide<SEP>75 mu M 

<tb>(l 1) zinc N,N*-ethylenebis(dithiocarbamate)<SEP>2ppm 

<tb>( 1 2) 8-methyl-N-vanillyl-6-nonenamide<SEP>0.82mM 

<tb>(13) gingerol<SEP>L36mM 

<tb>(14) acrolein<SEP>0.20mM 

<tb>( 1 5) dimethylsulfoxide<SEP> 1 .4 1 M 

<tb>(16) Roundup (trademark, herbicide) 

<1)> 

<SEP> 1 500-fold dilution 

<tb>( 1 7) sodium dodecylbenzosulfonate<SEP>0.02% 
<tb>(18) sodium lauryl sulfate<SEP>0.01% 

1) N- (phosphomethyl) glycinate ammonium4L0%, surfactant 59.0% 
<tb></TABLE> 

[0023] After completion of the incubation, the culture was centrifuged to collect the cells. To the eel 
sodium acetate buffer (50mM sodium acetate, lOmM EDTA, 1% SDS) was added, and the mixture ^ 
shaken at 65 DEG C for five minutes, followed by returning to room temperature, and obtaining the 
supematant, of which the procedures were repeated two times. To the supernatant, 1/2 amount of a s 
of phenol/chloroform was added, and the mixture was centrifiiged to give a supematant, which was j 
with an equal amount of chloroform, and the mixture was centrifiiged to give a supematant. To the 
supematant, an equal amount of isopropanol containing 0.3 M sodium acetate was added, and the mi 
was allowed to stand at room temperature for 30 minutes, after which the mixture was centrifiiged tc 
sediment of the whole RNAs. Seventy % ethanol was added to the sediment, and the mixture was ag 
centrifuged to give a sediment, which was then dried and dissolved in water. nfiRNA was isolated frc 
whole RNAs as foUowings. In view of the fact that a poly A chain is attached to the 3' terminus of rr 
a polynucleotide having a poly T stracture which was inmiobilized on the surface of latex beads was 
to trap the mRNA, and then the mRNA was washed and eluted with spine column (Oligotex- 
dT30<Super>mRNA Purification Kit, Takara). Reverse transcription of the mRNA was conducted v 
reverse transcriptase (Super Script II Reverse Transcriptase; catalogue No. 18064-014, GibcoBRL) i 
fluorescence-labeled nucleotides to give cDNAs that were introduced with Cy3-dUTP or Cy5-dUTP 
during the reverse transcription. 

[0024] The labeled cDNAs were dissolved in TE buffer (lOmM Tris-HCl/ ImM EDTA, pH8.0), and 
solution was dropped on the DNA chip containing the whole genes of yeast (DNA Chip Research In 
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Japan) so that the cDNAs were hybridized on the DNA chip at 65 DEG C for over 12 hours. The 
fluoresces intensity of the DNA chip was read with a scanner, and the ratio relative to the fluorescen 
intensity resulting from the absence of chemical substance was estimated as the following, which is ; 
in Tables 1 to 9: 

The level of expressed mRNA in the presence of chemical substance DIVIDED The level of express 
mRNA in the absence of chemical substance 

EMI23.1 

EMI24. 1 

EMI25.1 



EMI26.1 



EMI27.1 



EMI28.1 



EMI29.1 



EMI30.1 



EMI31.1 



EMI32.1 



EMI33.1 



EMI34. 1 



EMI35.1 



EMI36.1 



EMI37.1 



EMI38.1 



EMI39.1 



EMI40.1 



EMM 1.1 



EM142.1 



EMI43.1 



EMI44.1 



EMI45.1 



EMI46.1 
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EMI47. 1 

EMI48.1 

EMI49.1 

EMI50.1 

EMI51.1 

EMI52.1 

EMI53.1 

EMI54.1 

EMI55.1 

EMI56.1 

EMI57.1 

EMI58.1 

EMI59.1 

EMI60.1 

EMI61.1 

EMI62. 1 

EMI63.1 

EMI64.1 

EMI65.1 

EMI66.1 

EMI67.1 

EMI68.1 

EMI69. 1 

EMI70. 1 

EMI7 1 . 1 

EMI72. 1 

EMI73.1 

EMI74.1 
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EMI75.1 

EMI76.1 

EMI77. 1 

EMI78.1 

EMI79.1 

EMI80.1 

EMI81.1 

EMI82.1 

EMI83.1 

EMI84.1 

EMI85.1 

EMI86. 1 

EMI87.1 

'EMI88.1 

EMI89.1 

EMI90. 1 

EMI91.1 

EMI92.1 

EMI93.1 

EMI94. 1 

EMI95.1 

EMI96. 1 

EMI97.1 

EMI98.1 

EMI99. 1 

EMI 100.1 

EMIlOl.l 
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EMI 102.1 



[0025] The tables show that the expressed mRNA of about 700 of 2400 unknown yeast genes was in 
by any one of toxic chemical substances such as heavy metals, agricultural chemicals, surfactants (T 
1 ), as well as the expressed mRNA of 1 67 mitochondria-located genes (Table 2), 52 DN A repair ger 
(Table 3), 161 energy genes (Table 4), 142 transport facilitation genes (Table 5), 90 stress protein ge 
(Table 6), 142 metabolism genes (Table 7), 60 detoxification genes (Table 8), and 507 genes belong 
other category (Table 9). Here, when the value of the following is 2 or more, then it is considered 
significant: 

The level of expressed mRNA in the presence of chemical substance DIVIDED The level of express 
mRNA in the absence of chemical substance. 

[0026] "Intensity" indicated in the rightmost column of Tables 1 to 9 is a value of the level of expres 
mRNA of each gene in control cells as divided by the average level of the expressions of the whole j 
When the intensity is low, the error of measurement may be possibly large. The detection is considei 
more precise when expression magnification (expressed mRNA in the presence of chemical 
substance/expressed mRNA in the absence of chemical substance) is larger. Yeast gene as used in th 
processes according to the invention is selected, of which the intensity is preferably 0.3 or more, mo: 
preferably 0.5 or more, and of which the expression magnification is preferably 3 or more, more pre: 
5 or more. 



Data supplied from the esp@cenet database - Worldwide 
Claims of corresponding document: EP1426438 

1 . A process for detecting a toxic substance, which comprises detecting mRNA that is expressed in t 
presence of a test material by a cell comprising a yeast gene that is selected from a group consisting 
following, or a gene that is homologous to the yeast genes and is derived from other species, whereii 
mRNA corresponds to said yeast gene or said homologous gene thereof: 

YBR072W, YCR102C, YCR107W, YDL218W, YDL243C, YDR453C, YDR533C, YFL014W, 
YFL056C, YFL057C, YGRl lOW, YJR155W, YKL071W, YKR076W, YLL060C, YLR460C, 
YMR090W, YNL331C, YNL332W, YNL335W, YOL150C, YOL165C, YPL171C, YPR167C, 
YBL048W, YBL064C, YBL107C, YBR008C, YBR173C, YBR256C, YBR296C, YDL021W, YFL 
YFL024C, YFL061W, YGL121C, YGL158W, YGR043C, YHR029C, YHR112C, YHR139C, 
YHR179W, YHR209W, YIR030C, YJROlOW, YJR048W, YKLOOIC, YKL107W, YKR075C, 
YKR097W, YLL056C, YLR297W, YLR303W, YML087C, YMR096W, YNL274C, YOL151W, 
YOR226C, YOR338W, YOR391C, YPL280W, YDR406W, YJL153C, YLR346C, YOR049C, 
YOR153W, YPL088W, YAL034C, YDL124W, YDL174C, YDR476C, YGL156W, YGR035C, 
YGR157W, YGR213C, YGR281W, YGR284C, YHL047C, YHR043C, YHR044C, YHR054C, YJI 
YKL165C, YLR008C, YMR315W, YNL21 IC, YOL031C, YOLIOIC, YOR303W, YAL005C, 
YAR031W, YBL005W-A, YBL022C, YBL041W, YBL049W, YBL075C, YBL078C, YBR062C, 
YBR169C, YBR294W, YCL020W, YCL035C, YCL043C, YCL050C, YCL057W, YCR012W, 
YCR013C, YCR060W, YDL007W, YDL027C, YDL097C, YDLl IOC, YDL126C, YDL169C, YDF 
YDR155C, YDR158W, YDR204W, YDR210W, YDR214W, YDR258C, YDR313C, YDR368W, 
YDR435C, YER012W, YER037W, YER091C, YER103W, YFL044C, YFR003C, YFROlOW, YFR 
YFR024C, YFR044C, YFR053C, YGL006W, YGL048C, YGL062W, YGL141W, YGL157W, 
YGL163C, YGL180W, YGL184C, YGROlOW, YGR028W, YGR032W, YGR048W, YGR124W, 
YGR135W, YGR142W, YGR161C, YGR192C, YGR197C, YGR201C, YGR212W, YGR231C, 
YGR244C, YGR254W, YGR268C, YHL030W, YHR016C, YHR018C, YHR055C, YHR087W, 
YHR166C, YIL160C, YIR017C, YJL034W, YJL048C, YJL052W, YJL144W, YJL163C, YJR009C 
YJR069C, YJR074W, YJR130C, YJR149W, YKL065C, YKL073W, YKL103C, YKL142W, YKL: 
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YKL218C, YKROl IC, YKR018C, YKR046C, YKR049C, YLL024C, YLL026W, YLR027C, YLR< 
YLR107W, YLR121C, YLR132C, YLR133W, YLR155C, YLR158C, YLR161W, YLR195C, YLR 
YLR328W, YLR336C, YLR345W, YLR370C, YLR423C, YML004C, YML092C, YML128C, 
YML130C, YML131W, YMR040W, YMRl 18C, YMR214W, YMR251W, YMR297W, YMR322C 
YNL036W, YNL055C, YNL071W, YNL094W, YNL134C, YNL155W, YNL160W, YNL239W, 
YNL241C, YOL005C, YOR020C, YOR027W, YOR037W, YOR059C, YOR120W, YOR134W, 
YOR152C, YOR173W, YOR289W, YOR362C, YPL240C, YPR030W, YAL008W, YAL023C, 
YAL060W, YAL062W, YAR009C, YBLIOIC, YBR006W, YBR046C, YBR052C, YBR053C, 
YBR056W, YBR099C, YBR137W, YBR139W, YBR149W, YBR170C, YBR177C, YBR203W, 
YBR207W, YBR212W, YBR239C, YBR284W, YBR293W, YCL018W, YCL033C, YCL040W, 
YCL049C, YCR062W, YCR067C, YCR082W, YDLOlOW, YDL020C, YDL024C, YDL054C, 
YDL095W, YDLIOOC, YDLl 15C, YDL144C, YDL198C, YDL223C, YDL245C, YDL246C, YDR 
YDR032C, YDR058C, YDR072C, YDR127W, YDR168W, YDR169C, YDR188W, YDR231C, 
YDR261C, YDR264C, YDR272W, YDR293C, YDR304C, YDR330W, YDR403W, YDR41 IC, 
YDR427W, YDR436W, YDR497C, YDR51 IW, YDR516C, YDR519W, YDR545W, YEL012W, 
YEL030W, YER004W, YER009W, YER021W, YER035W, YER053C, YER079W, YER094C, 
YER096W, YER125W, YER158C, YER163C, YER175C, YER177W, YER178W, YER185W, 
YFL006W, YFLOIOC, YFL016C, YFL029C, YFL030W, YFL031 W, YFL032W, YFL038C, YFLO' 
YFR004W, YFR047C, YFR050C, YFR052W, YGLOl IC, YGL013C, YGL037C, YGL047W, YGL 
YGL091C, YGL094C, YGL127C, YGL150C, YGL199C, YGL207W, YGL248W, YGR008C, YGI 
YGR055W, YGRlOl W, YGR130C, YGR154C, YGR194C, YGR221C, YGR232W, YGR248W, 
YGR253C, YGR256W, YHL008C, YHR027C, YHR053C, YHR057C, YHRl 1 IW, YHR138C, 
YHR161C, YHR164C, YHR169W, YHR174W, YHR176W, YHR199C, YILOlOW, YIL034C, YIL 
YIL045W, YIL087C, YIL107C, YIL142W, YIL155C, YIR034C, YIR036C, YIR037W, YIR038C, 
YIR039C, YJLOOIW, YJL031C, YJL035C, YJL053W, YJL057C, YJL066C, YJL068C, YJL082W, 
YJL099W, YJL102W, YJL151C, YJL152W, YJL161W, YJL164C, YJL171C, YJL172W, YJL210\ 
YJL219W, YJR008W, YJR045C, YJR046W, YJR106W, YJRl 17W, YJR137C, YKL007W, YKLO: 
YKL035W, YKL091C, YKL104C, YKLl 17W, YKL145W, YKL146W, YKL151C, YKL152C, 
YKL153W, YKL193C, YKL195W, YKL213C, YKL215C, YLL028W, YLL039C, YLL058W, YLl 
YLR103C, YLR120C, YLR136C, YLR149C, YLR152C, YLR178C, YLR259C, YLR299W, YLR3 
YLR327C, YLR348C, YLR350W, YLR356W, YLR362W, YLR387C, YLR429W, YML054C, 
YML070W, YMLIOOW, YMLl 17W, YML125C, YMR004W, YMR008C, YMR009W, YMR020V 
YMR067C, YMR089C, YMR097C, YMR102C, YMR105C, YMR107W, YMR152W, YMR180C, 
YMR184W, YMR191W, YMR219W, YMR271C, YMR275C, YMR295C, YMR314W, YMR316V 
YNL006W, YNL007C, YNL012W, YNL044W, YNL045W, YNL074C, YNL092W, YNL093W, 
YNL104C, YNLl 15C, YNL156C, YNL231C, YNL234W, YNL237W, YNL281W, YNL305C, 
YNL333W, YNROlOW, YNR019W, YNR033W, YNR059W, YNR068C, YNR069C, YOL032W, 
YOL036W, YOL047C, YOL071W, YOL082W, YOL083W, YOL117W, YOLl 19C, YOL126C, 
YOL131W, YOL153C, YOL162W, YOL163W, YOL164W, YOR019W, YOR035C, YOR036W, 
YOR099W, YORl 17W, YOR124C, YOR130C, YOR132W, YOR157C, YOR185C, YOR197W, 
YOR259C, YOR261C, YOR273C, YOR288C, YOR332W, YOR336W, YOR347C, YPL017C, 
YPL087W, YPL106C, YPL109C, YPL149W, YPL154C, YPL196W, YPL206C, YPL222W, YPRO: 
YPR024W, YPR026W, YPR067W, YPR103W, YPR108W, YPR151C, YAL012W, YBR029C, 
YBR222C, YCL009C, YCL027W, YCL064C, YCR098C, YDL222C, YDR055W, YDR077W, 
YDR502C, YELOOIC, YEL042W, YER026C, YER106W, YGR136W, YGR138C. YHR137W, 
YHR142W, YIL023C, YIL153W, YJL073W, YJR004C, YJR054W, YKL039W, YKL086W, YKLl 
YKR091W, YLR109W, YLR194C, YLR250W, YMR095C, YMR189W, YNL106C, YNL169C, 
YNL322C, YORl 81 W, YOR198C, YOR208W, YOR247W, YPL089C, YAL038W, YAL053W, 
YBR023C, YBR214W, YBR295W, YCR048W, YDL072C, YDL204W, YDR085C, YDR098C, 
YDR259C, YDR380W, YDR388W, YDR391C, YDR432W, YDR481C, YDR510W, YER069W, 
YGL022W, YGL126W, YGL209W, YGL255W, YGR189C, YGR282C, YHL035C, YHR030C, 
YIL022W, YIL024C, YILl 17C, YIL123W, YIL140W, YIL154C, YJL088W, YJL108C, YJL149W 
YJL159W, YJL186W, YJR148W, YKL096W, YLR180W, YLR273C, YLR300W, YLR307W, YLl 
YLR391W, YMR094W, YMR104C, YMR276W, YMR296C, YNL190W, YNL208W, YNL300W, 
YNR064C, YOL013C, YOL058W, YOR248W, YOR355W, YPL052W, YPL163C, YPR079W, 
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YAR028W, YBR146W, YBR183W, YCLOSSC", YCROVIC, YDL008W, YDR019C, YDR031W, 
YDRl 15W, YDR486C, YER038C, YER130C, YFL054C, YGL136C, YGR146C, YGR207C, YHL' 
YIL167W, YJL020C, YKR039W, YLR031W, YLR205C, YMR072W, YMR140W, YMR173W, 
YMR195W, YMR226C, YNL037C, YNR002C, YOL143C, YOR136W, YOR215C, YOR382W, 
YOR383C, YPL054W, YPL271W, YPR127W, YAL044C, YAL054C, YAROIOC, YAR027W, 
YAR071W, YBLOOIC, YBL043W, YBL057C, YBR014C, YBR024W, YBR035C, YBR068C, YBl 
YBRl 16C, YBR147W, YBR168W, YBR246W, YBR273C, YCR004C, YCR021C, YCR037C, 
YCR088W, YDL022W, YDL128W, YDL238C, YDR003W, YDR009W, YDR033W, YDR084C, 
YDR104C, YDR270W, YDR315C, YDR340W, YDR357C, YDR358W, YDR396W, YDR405W, 
YDR410C, YDR434W, YDR482C, YDR487C, YDR520C, YDR534C, YDR539W, YELOl 1 W, 
YEL065W, YEL066W, YER039C, YER044C, YER067W, YER080W, YER107C, YFL020C, YFL 
YFL043C, YFR015C, YGLOOIC, YGL008C, YGL068W, YGL073W, YGL104C, YGLl 13W, YGI 
YGL167C, YGL229C, YGL242C, YGL249W, YGL253W, YGR052W, YGR060W, YGR065C, 
YGR106C, YGRl 1 IW, YGR220C, YGR257C, YHL023C, YHL048W, YHR004C, YHR037W, 
YHR071 W, YHR092C, YHR190W, YIL007C, YIL033C, YIL070C, YIL088C, YILl 1 1 W, YIR002' 
YIR016W, YIR035C, YIR043C, YJL012C, YJL083W, YJL089W, YJLl 16C, YJL131C, YJL132W 
YJL196C, YJR061W, YJR086W, YJR142W, YJR161C, YKL008C, YKL013C, YKL041W, YKLOi 
YKL138C, YKL139W, YKL150W, YKL175W, YKR006C, YKR014C, YKR070W, YLL023C, 
YLR023C, YLR093C, YLRl 18C, YLR142W, YLR225C, YLR241W, YLR251W, YLR252W, 
YLR270W, YML030W, YMLl IOC, YMR021C, YMR027W, YMR148W, YMR181C, YMR262W 
YMR272C, YMR298W, YNLOl IC, YNL130C, YNL214W, YNL259C, YOL129W, YOR042W, 
YOR052C, YOR137C, YOR149C, YOR165W, YOR270C, YOR285W, YOR367W, YPL018W, 
YPL156C, YPL186C, YPL203W, YPL216W, YPL255W, YPR006C, YPR073C, YPR098C, YBRO; 
YBR145W, YBR299W, YDR518W, YEL020C, YFL062W, YGL039W, YGL134W, YJL217W, 
YJR159W, YLR126C, YNL249C, YNL284C, YNL336W, YOL157C, YOR344C, YOR381W, YPL 
YPR124W, YBR074W, YBR109C, YBR126C, YBR201W, YCR005C, YDL248W, YDR041W, 
YDR105C, YDR268W, YDR452W, YEL075C, YER046W, YER050C, YER136W, YER159C, 
YGL250W, YGR019W, YGR042W, YGR053C, YGR066C, YGR247W, YGR255C, YGR295C, 
YHL044W, YHR145C, YIL058W, YIL065C, YIL083C, YIL098C, YIL172C, YJL030W, YJL185C 
YJL21 3W, YJR029W, YJR099W, YJR122W, YJR125C, YKL190W, YKR020W, YLL025W, YLL 
YLR043C, YLR090W, YLRIOOW, YLR108C, YLR290C, YML068W, YMR051C, YMR139W, 
YMR178W, YMR193W, YNLOl 5W, YNL079C, YNL122C, YNL223W, YNL285W, YNL293W, 
YNR007C, YNR035C, YNR061C, YOL016C, YOL104C, YOR220W, YOR221C, YOR374W, YPl 
YPR077C, YPR107C, YPR147C, YBR093C, YBR196C, YEL041W, YEL047C, YER023W, YERl 
YFL055W, YGR209C, YIL124W, YKL187C, YLL055W, YMR318C, YOL152W, YAL007C, YBl 
YBR115C, YBR285W, YBR292C, YDL043C, YDL123W, YDL131W, YDL168W, YDL212W, 
YDR056C, YDR132C, YDR154C, YDR183W, YDR216W, YDR253C, YDR295C, YDR494W, 
YDR513W, YEL072W, YER045C, YER061C, YER181C, YFL052W, YFL058W, YFR030W, YGI 
YGL096W, YGLl 14W, YGL193C, YGL202W, YGL204C, YGL259W, YGR006W, YGR070W, 
YGR088W, YHL034C, YHL036W, YHR048W, YHR104W, YHR163W, YIL060W, YIL136W, 
YIR024C, YJL036W, YJL045W, YJL060W, YJLIOIC, YJL155C, YJR085C, YJR109C, YJR156C, 
YKL070W, YKL161C, YKL221W, YKR071C, YLL009C, YLL050C, YLR092W, YLR145W, 
YLRl 56W, YLR163C, YLR220W, YLR280C, YLR311C, YLR390W, YMLl 16W, YMR034C, 
YMR038C, YMR081C, YMR250W, YNL240C, YNL260C, YNL277W, YNR074C, YOL044W, 
YOL084W, YOL147C, YOL159C, YOR184W, YOR228C, YOR255W, YPL223C, YPR160W, 
YDL182W, YBR047W, YBR054W, YBR291C, YDR069C, YER124C, YER131W, YGR044C, YI] 
YKR007W, YMR240C, YNR050C, YOR007C, YAL015C, YBL065W, YBR105C, YBR182C, 
YBR186W, YBR244W, YBR272C, YCL069W, YDL025C, YDL059C, YDL085W, YDLl 13C, 
YDL244W, YDR018C, YDR054C, YDR202C, YDR223W, YDR350C, YDR353W, YDR374C, 
YDR512C, YEL052W, YEL070W, YER098W, YFR017C, YGL046W, YGL067W, YGL098W, 
YGL117W, YGL146C, YGL240W, YGROl IW, YGR067C, YGR133W, YGR153W, YGR223C, 
YHRl 16W. YHR124W, YIL097W, YIL168W, YJL103C, YJL221C, YJR036C, YJR095W, YKLOJ 
YKL133C, YKL162C, YKL188C, YKL217W, YKR061W, YKR105C, YLL062C, YLR174W, YLl 
YLR247C, YLR260W, YLR267W, YLR389C, YML007W, YMR041C, YMR177W, YMR253C, 
YNL009W, YNLl 17W, YNL128W, YNL183C, YNR073C, YOL133W, YOL158C, YOR133W, 
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YOR225W, YOR227W, YPL161C, YPL166W; YPL2()2C, YPL224C, YPR015C, YPR086W, YPR 
YAL061 W, YAL067C, YAR007C, YBL033C, YBL056W, YBL086C, YBR026C, YBR073W, YBl 
YBRl 17C, YBR123C, YBR213W, YBR269C, YBR280C, YCR036W, YDL132W, YDL149W, 
YDL200C, YDL234C, YDL242W, YDR099W, YDR177W, YDR256C, YDR392W, YDR394W, 
YDR531W, YEL071W, YER014W, YER042W, YER090W, YER184C, YFL059W, YFR042W, 
YFR046C, YFR049W, YGL026C, YGL058W, YGL185C, YGL227W, YGL252C, YGL254W, 
YGR089W, YGRl 12W, YGR134W, YGR276C, YHL019C, YHR012W, YHR017W, YHR028C, 
YHR106W, YHR109W, YHR156C, YIL036W, YIL046W, YIL143C, YIL152W, YIL159W, YILlf 
YJL071W, YJL094C, YJL154C, YJR056C, YJR072C, YJRl lOW, YJR139C, YKL025C, YKL034A 
YKL064W, YKL171W, YKL196C, YKR012C, YKR068C, YKR069W, YLLOOIW, YLL057C, 
YLL061W, YLR064W, YLR070C, YLR099C, YLR144C, YLR157C, YLR160C, YLR164W, YLR 
YLR421C, YML032C, YML042W, YMLl 12W, YMLl 18W, YMRl 14C, YMRl 15W, YMR258C, 
YNL181W, YNL191W, YNL212W, YNL213C, YNL250W, YNL265C, YNL312W, YNR032W, 
YOL038W, YOL049W, YOL064C, YOR088W, YOR155C, YOR257W, YOR265W, YOR377W, 
YOR386W, YPL031C, YPLl 13C, YPL124W, YPL151C, YPL249C, YPL260W, YPL274W, YPRO 
YPR061C, YPR093C, YPR125W, YPR158W, YPR168W, YPR169W, YPR174C, YPR180W, YPR 
YPR200C, YAL014C, YAL017W, YAL049C, YBL019W, YBL058W, YBROOIC, YBR013C, YBI 
YBR037C, YBR045C, YBR051W, YBR063C, YBR128C, YBR129C, YBR204C, YBR241C, YBR 
YBR281C, YCL044C, YCL055W, YCR014C, YCR019W, YCR024C, YCR105W, YDL065C, 
YDL089W, YDL143W, YDL173W, YDL193W, YDL197C, YDL206W, YDL230W, YDL233W, 
YDR040C, YDR071C, YDR078C, YDR109C, YDR140W, YDR194C, YDR212W, YDR221W, 
YDR257C, YDR271C, YDR287W, YDR294C, YDR316W, YDR329C, YDR338C, YDR369C, 
YDR421W, YDR425W, YDR485C, YDR488C, YDR504C, YDR505C, YDR506C, YDR515W, 
YEL005C, YEL037C, YEL044W, YER017C, YER048C, YER052C, YER078C, YER089C, YERO! 
YERIOOW, YER162C, YER182W, YFL021W, YFL042C, YFR045W, YFR051C, YFR056C, YGL 
YGL041C, YGL045W, YGL057C, YGL093W, YGL105W, YGL125W, YGL166W, YGL181W, 
YGL183C, YGL215W, YGL216W, YGL221C, YGL223C, YGR007W, YGR029W, YGR155W, 
YGR156W, YGR186W, YGR198W, YGR210C, YGR211W, YGR237C, YGR250C, YGR258C, 
YGR266W, YGR270W, YGR274C, YGR277C, YHL021C, YHL037C, YHL038C, YHR082C, 
YHR083W, YHR134W, YHR160C, YHR171W, YHR180W, YHR205W, YIL062C, YIL072W, 
YIL075C, YIL099W, YIL108W, YIL165C, YIL170W, YIR009W, YIR018W, YIR031C, YIR032C 
YJL032W, YJL049W, YJL128C, YJL165C, YJR044C, YJR052W, YJR090C, YJR091C, YJR103W 
YJR104C, YJR153W, YKL059C, YKL079W, YKL090W, YKL094W, YKL192C, YKL209C, YKI 
YKR102W, YKR106W, YLL054C, YLR025W, YLR097C, YLR200W, YLR226W, YLR248W, 
YLR266C, YLR392C, YLR427W, YML013W, YML029W, YML041C, YML051W, YML078W, 
YML079W, YML088W, YML099C, YMR056C, YMR068W, YMR091C, YMRl IOC, YMR160W, 
YMR186W, YMR255W, YNL005C, YNL026W, YNL039W, YNL063W, YNL064C, YNL077W, 
YNL083W, YNL147W, YNL176C, YNL194C, YNL253W, YNL257C, YNL261W, YNL264C, 
YNL276C, YNR006W, YNR034W, YNR047W, YNR051C, YNR071C, YOL065C, YOL067C, 
YOR005C, YOR008C, YOR022C, YOR023C, YOR058C, YOR069W, YOR087W, YOR138C, 
YOR229W, YOR256C, YOR267C, YPL005W, YPL020C, YPL022W, YPL105C, YPL147W, YPL 
YPL152W, YPL164C, YPL168W, YPL180W, YPL188W, YPL194W, YPR025C, YPR047W, YPR 
YPR066W, YPR081C, YPR134W, YPR140W, YPR148C, YPR155C, YPR172W, YPR185W, YAL 
YAR064W, YBR012C, YBR076W, YBR287W, YDR043C, YDR250C, YDR373W, YFR014C, 
YGL191W, YGR180C, YHR136C, YJL026W, YJL037W, YLR038C, YNL058C, YOR031W, YGI 
YIL166C, YHR008C, YIL129C, YGL256W, YJR030C, YMR077C, YBR264C, YPL177C, YKR04 
YGL056C, YDR128W, YGR139W, YBLIOIW-A, YOR253W, YOL026C, YDR278C, YHR095W, 
YCL042W, YNL200C, YPL221W, YLR415C, YMR058W, YPR037C, YER072W, YML028W, 
YOR325W, YAL039C, YMRl 12C, YJR107W, YGL088W, YJR058C, YNL142W, YDR090C, 
YMR071C, YBL093C, YGR293C, YML055W, YDL017W, YDL210W, YGL055W, YCL025C, 
YDR080W, YDL181W, YNR030W, YJL017W, YIL127C, YDR281C, YDR366C, YFR026C, YJL: 
YPL215W, YEL019C, YBR132C, YHL018W, YNL196C, YPL038W, YAR047C, YPL262W, YHl 
YPL225W, YBR124W, YOR148C, YKR053C, YBL044W, YER029C, YLR360W, YCL056C, 
YCR007C, YGR239C, YNL256W, YPR146C, YLR377C, YKL097C, YBR066C, YLR338W, YDL 
YBR253W, YJR027W, YKL198C, YBL030C, YBR031W, YBRl 18W, YBR162C, YBR221C, 
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YCR024C-A, YCR106W, YDL046W, YDR012W, Y0R133C, YDR134C, YDR276C, YDR342C, 
YDR343C, YEL027W, YEL034W, YGR038W, YGR243W, YGR279C, YHR094C, YHR105W, 
YHR175W, YHR181W, YIL056W, YIL162W, YJL059W, YJL097W, YJL158C, YJR105W, YKL( 
YKL056C, YKL097W-A, YKLIOOC, YKL141W, YKR066C, YLR134W, YLR258W, YLR339C, 
YML058W, YMR083W, YMR203W, YNL209W, YNL307C, YOL030W, YOR178C, YPL028W, 
YPR028W, YPR113W, YPR149W, YPR150W, YPR183W, YAL016W, YBL099W, YBLIOOC, 
YBROl IC, YBR096W, YBRIOOW, YBR127C, YBR283C, YBR286W, YCL008C, YCL058C, YCl 
YCR034W, YCR069W, YDL015C, YDL023C, YDL061C, YDL086W, YDR038C, YDR039C, 
YDR050C, YDR151C, YDR178W, YDR233C, YDR284C, YDR298C, YDR345C, YDR359C, 
YDR382W, YDR385W, YDR400W, YDR407C, YDR538W, YEL024W, YEL033W, YEL063C, 
YER057C, YER081 W, YER120W, YFLOl IW, YGL012W, YGL206C, YGR022C, YGR026W, 
YGR082W, YGR107W, YGR172C, YGR191W, YGR204W, YGR260W, YHL005C, YHL046C, 
YHR025W, YHR026W, YHR123W, YHR126C, YHR143W, YILOl IW, YIL015W, YIL018W, YIl 
YIR041W, YJL016W, YJL121C, YJL133W, YJL138C, YJL191W, YJR018W, YJR047C, YJR077( 
YJR119C, YJR121W, YJR123W, YJR143C, YJR145C, YKL060C, YKL147C, YKL148C, YKL15' 
YKL164C, YKL169C, YKR033C, YLL041C, YLL064C, YLR041W, YLR044C, YLR056W, YLRt 
YLR081 W, YLR089C, YLRl IOC, YLR177W, YLR264W, YLR284C, YLR304C, YLR340W, YLF 
YLR372W, YLR388W, YML022W, YMR007W, YMROl IW, YMR015C, YMR092C, YMRIOIC, 
YMR156C, YMR205C, YMR215W, YMR261C, YMR323W, YNL069C, YNL135C, YNL195C, 
YNR076W, YOL039W, YOL073C, YOL086C, YOL120C, YOL156W, YOL161C, YOR002W, 
YOR009W, YOROIOC, YOR085W, YOR108W, YOR128C, YOR129C, YOR142W, YOR161C, 
YOR176W, YOR230W, YOR298W, YPL004C, YPL036W, YPL048W, YPL057C, YPL059W, 
YPL061W, YPL135W, YPL179W, YPL218W, YPL220W, YPL246C, YPL272C, YPR063C, YPR( 
YPR181C, YBR290W, YCROIOC, YCR091W, YDL107W, YDL129W, YDR066C, YDR529C, 
YFL026W, YGL018C, YGL059W, YNL144C, YOR003W, YAL037W, YAR023C, YBR003W, 
YBR020W, YBR044C, YBR091C, YBR185C, YBR282W, YCR015C, YCR038C, YCR043C, YDI 
YDL146W, YDL220C, YDR057W, YDR123C, YDR125C, YDR222W, YDR225W, YDR277C, 
YDR286C, YDR347W, YDR408C, YDR438W, YDR479C, YDR483W, YEL039C, YEL057C, 
YEL073C, YER066W, YER076C, YER084W, YER121W, YER189W, YFL017C, YFL046W, 
YFR006W, YFR008W, YGLl 15W, YGL208W, YGL214W, YGL218W, YGR021W, YGR023W, 
YGR024C, YGR064W, YGR076C, YGR096W, YGR108W, YGR174C, YGR182C, YGR236C, 
YGR288W, YHL042W, YHR195W, YHR210C, YIL006W, YILOl 2W, YIL028W, YIL050W, YIL» 
YIL089W, YIL102C, YILl 13W, YIL122W, YJLIOOW, YJL169W, YJL199C, YJR039W, YJROSO^ 
YJRIOIW, YKL003C, YKL016C, YKL061W, YKL093W, YKL121W, YKL160W, YKL170W, 
YKL194C, YKR034W, YKR067W, YLR006C, YLR016C, YLR030W, YLR036C, YLRl 12W, 
YLR125W, YLR128W, YLR204W, YLR21 IC, YLR233C, YLR257W, YLR288C, YLR326W, 
YLR334C, YLR395C, YLR408C, YLR414C, YLR444C, YML050W, YML107C, YML120C, YMI 
YMR053C, YMR073C, YMR162C, YMR204C, YMR206W, YMR284W, YNLOlOW, YNL025C, 
YNL127W, YNL139C, YNL217W, YOL116W, YOLl 18C, YOR053W, YORIOOC, YOR103C, 
YOR122C, YOR150W, YOR187W, YOR251C, YOR312C, YOR327C, YOR348C, YOR352W, 
YOR388C, YOR394W, YPLOOIW, YPL033C, YPL066W, YPL148C, YPL230W, YPL275W, YPL 
YPR005C, YPR014C, YPR192W, YPR194C, YBR005W, YER025W, YFL027C, YGL080W, YGL 
YHL028W, YHR185C, YIL076W, YJL166W, YLR046C, YMR035W, YMR238W, YMR252C, 
YNL192W, YNL202W, YOL108C, YOR385W, YPR165W, YAR033W, YBL038W, YBR009C, 
YBROlOW, YBR151W, YCL067C, YCR096C, YDL137W, YDL192W, YDR073W, YDR086C, 
YDR224C, YDR377W, YDR378C, YER015W, YGL187C, YHR162W, YJL167W, YJL216C, YKI 
YLR165C, YMR197C, YNL157W, YOL002C, YOL109W, YOR180C, YPLOlOW, YPL233W, 
YBR036C, YDR297W, YGR149W, YGR224W, YNL043C, YPL067C, YPL170W, YCR046C, 
YDR387C, YFL050C, YGL051W, YHR132C, YILl 12W, YJL141C, YKR098C, YLR052W, YLR^ 
YML129C, YNL203C, YNR014W, YOL043C, YOL096C, YPR184W, YAL028W, YAL055W, 
YAR062W, YBL095W, YBL102W, YBR122C, YBR157C, YBR161W, YBR251W, YBR298C, 
YCR039C, YCR083W, YDL018C, YDL067C, YDL078C, YDL091C, YDL215C, YDL216C, YDR 
YDR067C, YDR079W, YDR181C, YDR186C, YDR196C, YDR262W, YDR306C, YDR319C, 
YER188W, YGL004C, YGL035C, YGR036C, YGR062C, YGR120C, YGR131W, YGR141W, 
YGR167W, YGR287C, YHL024W, YHR080C, YHR097C, YIL077C, YJL046W, YJL070C, YJLO! 
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YJL113W, YJL146W, YJL180C, YJR019C, YJR049C, YKR058W, YLL005C, YLR078C, YLR15: 
YLR271W, YLR295C, YLR351C, YLR375W, YMR023C, YMR025W, YMR135C, YMR210W, 
YMR267W, YMR278W, YMR293C, YNL073W, YNR037C, YNR040W, YNR072W, YOR028C, 
YOR316C, YOR328W, YOR363C, YPL039W, YPL040C, YPL099C, YPL107W, YPL134C, YPLl 
and YPL140C. 

2. The process according to claim 1, wherein the yeast gene belongs to a category of vinknown yeast 

3. The process according to claim 1, wherein the yeast gene belongs to a category of mitochondria g 

4. The process according to claim 1 , wherein the yeast gene belongs to a category of DN A repair gei 

5. The process according to claim 1, wherein the yeast gene belongs to a category of energy genes. 

6. The process according to claim 1, wherein the yeast gene belongs to a category of transport facilit 
genes. 

7. The process according to claim 1, wherein the yeast gene belongs to a category of stress protein g 

8. The process according to claim 1, wherein the yeast gene belongs to a category of metabolism ger 

9. The process according to claim 1, wherein the yeast gene belongs to a category of detoxification ^ 

10. The process according to any one of claims 1 to 9, wherein the toxic substance is mutagenic. 

1 1 . The process according to any one of claims 1 to 1 0, wherein the mRN A is amplified by reverse 
transcription-PCR, and then detected. 

12. The process according to claim 11, which comprises: 

(1) adding a test material to the cell, and incubating the mixture; 

(2) extracting mRN A from the cell; 

(3) preparing cDNA from the mRNA via reverse transcription using labeled nucleotides; and 

(4) hybridizing the cDNA as used as probe with the gene as defined in claim 1 . 

13. The process according to claim 12, wherein step (4) as defined in claim 12 is conducted on a 
microarray containing the gene as defined in claim 1 . 

14. The process according to any one of claims 1 to 10, wherein the mRNA is detected by northern 
blotting. 

15. The process according to claim 14, which comprises: 

(1) adding a test material to the cell, and incubating the mixture; 

(2) extracting mRNA from the cell; and 

(3) hybridizing the mRNA with the gene as defined in claim 1 . 

16. The process according to claim 15, wherein step (3) as defined in claim 15 is conducted on a 
microarray containing the gene as defined in claim 1 . 

17. The process according to any one of claims 1 to 10, wherein the detection of mRNA is conductet 
detecting the production of a polypeptide encoded by the gene as defined in claim 1 . 



WO030 18791 



Page 



Data supplied from the esp@cenet database - Worldwide 



(19) uwiatfiim^^mm 

(43) St^^M B 
2003 ^3 ^ 6 B (06.03.2003) 





PCX 



(10) SE^^MS^ 

WO 03/018791 Al 



(51) mvsi^m^m-': 



(21) 

(22) aiSlUSB: 

(25) mtsithmoiwisi 



(26) 



4^ 



a: 



C12N 15/00, C12Q 1/68 



PCT/JP02/08494 



2002 ^8 ^ 23 B (23.08.2002) 



(30) Sjfe^t-r— ^f: 

4^112001-255380 2001 ^8 ^24 B (24.08.2001) JP 

(71) ffijix r*s*»<*t:<DtB3tai=-oL^T;: ttA 

fxiftJSAi^^ftffilg^WSSm (NATIONAL INSTl- 
TUTE OF ADVANCED INDUSTRIAL SCIENCE AND 
TECHNOLOGY) [JP/JP]; T 100-8921 MM^ =f-jtB3Z. 
S*<BII1-3-1 Tokyo (JP). 5<''f^>xm*l55e^a 
(DAOaN INDUSTRIES, LTD.) [JP/JP]; T 530-8323 ^ 
mm ^BEitT :ltB4>iia}e 2 T S 4 » 1 2 #^9-tz > 
^f — tf^U Osaka (JP). 

(72) f§|fl#; 

(75) (sutmiz-Di^xo^): s^sj^ciwa- 

HASHLHitoshi) [JP/JP]; x 305-8561 "^J < I* rfi 

m 1 - 1 - 1 ibiLfiWi^x&m&mu^m^m'^ < if 



■tr i/^i — 1^ Ibaraki (JP). SiS ffi-?- (MOMOSE,Yuko) 
[JP/JP]; T305-8561 O < ff ip S 1 - 1 - 1 ?4 

AffiftaAMiaSSEWtt^P^Bfo < tf-b -rt 
Ibaraki (JP). HtfS! SH?- (KITAGAWA,Emiko) [JP/JP]; 
T305-8561 -3 < liiP m 1 - 1 - 1 aStff 

Aft llfttffJS^W?£m O < li-ay^-P^ Ibaraki (JP). 
R!RI?¥^-(rAKAHASHInIunko) [JP/JP]; T305-0841 

ttPSe^n Ibaraki (JP). 

(74) ftSA: Wllj ^ , ^(AOYAMA,Tamotsu et al.); =f 
540-0001 :*ilSm it'*E4«aiTS3» 7 -^-IMP 

*aj4#i**»Bf Osaka (JP). 

(81) (mP^): US. 

(84) fg^S 3 — <1#ffF (AT. BE. BG, CH. CY, 

CZ, DE. DK, EE, ES, FI, FR. GB, GR, IE. IT, LU, MC, NL, 
FT, SE, SK, TR). 



<s5 



On 

00 



o 



(54) Title: METHOD OF DETECTING TOXIC SUBSTANCE 

(54) ^m<o^Wi m\i^M<Dmtii-^m 

(57) Abstract: A method of detecting a toxic substance by a biological procedure. Namely, a toxic substance is detected by assaying 
mRNA corresponding to a gene expressed from cells containing the gene selected from the group consisting of the following yeast 
gene and genes with various origins homologous to the yeast gene. 

(57) 11*51: 



wo 03/0J8791 



PCT/JP02/08494 



m m 



m 

i¥flfii-6^q"p (MICROTOX. azurt±. T )) ^ ; LUMIS, drlange%h. Y^^y) /^^llT 



wo 03/018791 PCT/JP02/08494 

2 

15 YBR072Wh YCR102C^ YCR107W. YDL218W^ YDL243C^ YDR453Ch YDR533C^ YFL014W, 

YFL056C^ YFL057C^ YGRllOW. YJR155W. YKLOTIW^ YKR076W. YLL060C. YLR460Cs 

YMR090W, YNL331C^ YNL332W, YNL335W> YOL150C^ Y0L165C^ YPL171C^ YPR167C, 

YBL048W^ YBL064C^ YBL107C^ YBR008C, YBR173C^ YBR256C^ YBR296C^ YDL021W, 

YFL022C^ YFL024C^ YFL061W, YGL121C^ YGL158W^ YGR043C^ YHR029C^ YHR112C, 

20 YHR139C^ YHR179W, YHR209W, YIR030C, YJROIOW. YJR048W. YKLOOIC, YKL107W. 

YKR075C, YKR097W> YLL056C^ YLR297W, YLR303W^ YML087C^ YMR096W> YNL274C, 

Y0L151W^ Y0R226C^ Y0R338W, Y0R391C. YPL280W. YDR406Wh YJL153C> YLR346C, 

Y0R049C^ Y0R153W^ YPL088W, YAL034C^ YDL124W^ YDL174C^ YDR476C. YGL156W, 

YGR035C^ YGR157W^ YGR213C^ YGR281W> YGR284Cx YHL047C^ YHR043Cs YHR044Cx 

25 YHR054Cx YJR073Cs YKL165C^ YLROOSC^ YMR315W^ YNL211C. Y0L031C, YOLIOIC, 

YOR303W> YAL005C^ YAR031W, YBL005W-A> YBL022C, YBL041W. YBL049W^ YBL075C> 

YBL078C^ YBR062C> YBR169C, YBR294W^ YCL020W. YCL035C, YCL043C^ YCL050C. 

YCLG57W> YCR012W^ YCR013C. YCR060W. YDL007W. YDL027C^ YDL097C^ YDLllOC^ 

YDL126C^ YDL169C^ YDR070C, YDR155C. YDRISBW^ YDR204W^ YDR210W, YDR214W^ 
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« 

YDR258C. YDR313C. 
YFL044C> YFR003C^ 
YGL048C, YGL062W^ 
yGR028W> YGR032W^ 
5 YGR197C. YGR201C, 

YHROieC^ YHROISC^ 
YJL048C> YJL052W^ 
YJR149W. YKL065C^ 
, YKR018C. YKR046C^ 

10 YLR121C, YLR132C. 

YLR328W^ YLR336C^ 
YML130C, YML131W^ 
YNL036W^ YNL055C^ 
YNL241C. Y0L005C^ 

15 Y0R152C^ Y0R173W> 

YAL060W, YAL062W. 
YBR056W^ YBR099C^ 
YBR207W. YBR212W> 
yCL049C, YCR062W. 

20 YDL095W^ YDLIOOC^ 

YDROOIC. YDR032C. 
YDR231C, YDR261C. 
YDR411C. YDR427Ws 
YEL012W, YELOSOW^ 

25 YER094C> YER096W> 

YER185W. YFL006W, 
YFL038C^ YFL041Ws 
YGL037C^ YGL047W. 
YGL207W. YGL248W. 



3 

.YDR368W. YDR435C. YER012W^ 
YFROlOW, YFR020W^ YFR024C^ 
YGL141W, YGL157W, YGL163C, 
YGR048W^ YGR124W^ YGR135W, 
YGR212W^ YGR231C^ YGR244C^ 
YHR055C^ YHR087W, YHR166C, 
YJL144W^ YJL163Cs YJR009C, 
YKL073Ws YKLIGSC^ YKL142W, 
YKR049C, YLL024C, YLL026W, 
YLR133ff> YLR155C, YLR158C. 
YLR345W^ YLR370C^ YLR423C, 
YMR040W, YMR118C. YMR214W, 
YNL071W^ YNL094Wx YNL134Cx 
YOR020C^ Y0R027W^ YOR037W^ 
Y0R289W> Y0R362C^ YPL240C^ 
YAR009C^ YBLIOIC^ YBR006W. 
YBR137W^ YBR139W^ YBR149Wx 
YBR239C^ YBR284W^ YBR293W^ 
YCR067C^ YCR082W> YDLOIDW, 
YDL115C. YDL144C. YDL198C^ 
YDR058C^ YDR072C^ YDR127W^ 
YDR264C. YDR272W> YDR293Cs 
YDR436W. YDR497C. YDRSllW^ 
YER004W, YER009W^ YER021W^ 
YER125W^ YER158C^ YER163C^ 
YFLOIOC^ YFL016C. YFL029C^ 
YFR004W. YFR047C^ YFR050C, 
YGL053W. YGL091C^ YGL094Cs 
YGR008C, YGR037C^ YGR055W^ 
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YER037W^ YER091C^ YER103W^ 
YFR044C. YFR053C, YGL006W, 
YGL180W^ YGL184Cs YGROIOW^ 
YGR142W. YGR161C. YGR192C. 
YGR254W^ YGR268C^ YHL030W. 
YILieOC^ YIR017C, YJL034W, 
YJR069C^ YJR074W^ YJR130C^ 
YKL210W> YKL218C^ YKROllC, 
YLR027C^ YLR080W. YLR107W^ 
YLRieiW. YLR195C, YLR2I7W^ 
YML004C^ YML092C^ YML128C, 
YMR251W, YMR297W, YMR322C, 
YNL155W^ YNLieOW^ YNL239W^ 
Y0R059C, Y0R120W^ Y0R134W, 
YPROSOW^ YAL008W^ YAL023C^ 
YBR046C. YBR052C. YBR053C^ 
YBR170C, YBR177C^ YBR203W^ 
YCL018W^ YCL033C^ YCL040W, 
YDL020C. YDL024C. YDL054Cv 
YDL223C^ YDL245C. YDL246C^ 
YDR168W, YDR169C^ YDR188W, 
YDR304C^ YDR330W^ YDR403W^ 
YDR516C. YDR519W^ YDR545W, 
YER035W^ YER053C^ YER079W^ 
YER175C, YER177W, YER178W, 
YFL030W^ YFL031W. YFL032W^ 
YFR052W, YGLOllC^ YGL013C, 
YGL127C. YGL150C^ YGL199C. 
YGRIOIW^ YGR130C. YGR154C^ 
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YGR194C^ YGR221C^ 
YHR053C^ YHR057C^ 
YHR176W^ YHR199C> 
YIL142W^ YIL155C, 
5 YJL031C^ YJL035C^ 

YJL102W, YJL151C. 
YJL219W. YJR008ff> 
YKL026C, YKL035W, 
YKL152C. YKL153W^ 

10 YLL058W^ YLR054C^ 

YLR259C. YLR299W^ 
YLR387C, YLR429W> 
YMROOSC^ YMR009W^ 
YMRIOTW^ YMR152W^ 

15 YMR295Cx YMR314W, 

YNL074C, YNL092W^ 
YNL237W^ YNL281W> 
YNR068C, YNR069C. 
Y0L117W. Y0L119C. 

20 YOR019W^ Y0R035C> 

YOR157C^ Y0R185C, 
Y0R336ff^ Y0R347C, 
YPL196W> YPL206C^ 
YPR108W^ YPRISIC^ 

25 YCR098Cx YDL222C. 

YERlOeW^ YGR136Wh 
YJR004C^ YJR054W^ 
YLR250W^ YMR095C^ 
Y0R208W^ Y0R247W> 
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YGR232W^ YGR248W^ YGR253C> 
YHRlllW^ YHR138C, YHR161C^ 
YILOlOW, YIL034C, YIL041W, 
YIR034C. YIR036C, YIR037W. 
YJL053W> YJL057C, YJL066C^ 
YJL152W, YJL161W, YJL164C. 
YJR045C. YJR046W, YJR106W, 
YKL091C, YKL104C, YKL117W, 
YKL193C, YKL195W. YKL213C. 
YLR103C^ YLR120C. YLR136C. 
YLR324W^ YLR327C, YLR348C, 
YML054C^ YML070W, YMLIOOW^ 
YMR020W^ YMR067C. YMR089Cs 
YMR180C> YMR184W. YMR191W^ 
YMR316W^ YNL006W, Y>JL007C. 
YNL093W> YNL104C, YNL115C, 
YNL305C^ YNL333W, YNR010W> 
Y0L032W. Y0L036W, YOL047C. 
Y0L126C. Y0L131W. Y0L153C, 
Y0R036W. YOR099W. Y0R117W. 
Y0R197W^ Y0R259C^ Y0R261C. 
YPL017C^ YPL087W. YPL106C^ 
YPL222W^ YPR023C^ YPR024W. 
YAL012W^ YBR029C, YBR222C^ 
YDR055W. YDR077W^ YDR502C. 
YGR138C> YHR137W, YHR142W, 
YKL039W. YKL086W, YKL163W, 
YMR189W, YNLlOeC^ YNL169Cx 
YPLQ89C^ YAL038W^ YAL053W> 
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YGR256W^ 


YHLOOSC^ 


YHR027Cs 


YHR164C^ 


YHR169W^ 


YHR174W^ 


YIL045Wx 


YIL087C, 


YIL107C, 


YIR038C, 


YIR039C. 


YJLOOIW, 


YJL068C^ 


YJL082W^ 


YJL099W^ 


YJL171C^ 


YjnL172W. 


YJL210W, 


YJRllTW^ 


YJR137C^ 


YKL007W^ 


YKL145W, 


YKL146W, 


YKL151C, 


YKL215G^ 


YLL028W^ 


YLL039C^ 


YLR149C. 


YLR152C. 


YLR178C. 


YLR350W^ 


YLR356W^ 


YLR362W^ 


YML117W, 


YML125C, 


YMR004W. 


YMR097C^ 

« 


YMR102C^ 


YMR105Ch 


YMR219W. 


YMR271C. 


YMR275C^ 


YNL012W^ 


YNL044W. 


YNL045W^ 


YNL156C, 


YNL231C^ 


YNL234W, 


YNR019W^ 


YNR033W^ 


YNR059W^ 


Y0L071W. 


Y0L082W. 


Y0L083W^ 


Y0L162W. 


Y0L163W, 


Y0L164W, 


Y0R124C^ 


Y0R130C. 


Y0R132W. 


Y0R273C^ 


Y0R288C^ 


Y0R332W^ 


YPL109C^ 


YPL149W. 


YPL154C. 


YPR026W^ 


YPR067Ws 


YPR103W, 


YCL009C^ 


YCL027Wh 


YCL064C^ 


YELOOIC, 


YEL042W. 


YER026C. 


YIL023C^ 


YIL153W^ 


YJL073W, 


YKR091W^ 


YLR109W^ 


YLR194C, 


YNL322C^ 


Y0R181W. 


Y0R198C^ 


YBR023C, 


YBR214W. 


YBR295W. 
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YCR048W^ YDL072C, 

YDR391C> YDR432W, 

YGL255W^ YGR189C^ 

YIL123W, YIL140W. 

5 YJR148W^ YKL096W^ 

YMR094W. YMR104C, 

Y0L013C, YOL058W^ 

YBR146W^ YBR183W> 

YDR486C, YER038C> 

10 YIL167W, YJL020C, 

YMR195Ws YMR226C^ 

Y0R383C> YPL054W^ 

YAR071W. YBLOOIC, 

YBRlllC^ YBRlieC^ 

15 YCR037C> YCROSBW^ 

YDR084C. YDR104C> 

YDR405W^ YDR410C^ 

YELOllW^ YEL065W^ 

YFL020Cs YFL028C. 

20 YGL104C, YGL113W, 

YGR052W^ YGROeOW^ 

YHL048W^ YHR004C. 

« 

YILQ70C^ YIL088C, 

YJL083W^ YJL089W> 

25 YJR142W^ YJR161C. 

YKL150W. YKL175W, 

YLR118C. YLR142W. 

YMLIIOC^ YMR021C, 

YNLOllC^ YNL130C, 



5 

YDL204Ws YDR085C^ YDR098C^ 
YDR481C, YDR510W, YER069W. 
YGR282C^ YHL035C^ YHR030C, 
YIL154C, YJLOBSW^ YJL108C. 
YLR180W, YLR273Cs YLR300W, 
YMR276W> YMR296C, YNL190W. 
Y0R248W, Y0R355W. YPL052Ws 
YCL038C, YCR071C. YDLOOSW^ 
YER130C. YFL054C, YGL136C. 
YKR039W. YLR031Wx YLR205C^ 
YNL037C, YNR002C. Y0L143C, 
YPL271W. YPR127W^ YAL044C^ 
YBL043W, YBL057C, YBR014C^ 
YBR147W. YBR168W> YBR246Ws 
YDL022W. YDL128W^ YDL238Cs 
YDR270Ws YDR315C^ YDR340W, 
YDR434W. YDR482C^ YDR487C. 
YEL066W, YER039C, YER044C> 
YFL043C. YFR015C. YGLOOIC, 
YGL154C. YGL167C^ YGL229C^ 
YGR065C. YGRlOeC^ YGRlllW. 
YHR037W. YHR071W. YHR092C, 
YILlllW, YIR002C. YIR016W, 
YJLlieC^ YJL131C> YJL132W^ 
YKL008C. YKL013C. YKL041W. 
YKR006C, YKR014Ch YKR070W> 
YLR225C. YLR241W^ YLR251W, 
YMR027W> YMR148W^ YMR181Cs 
YNL214W. YNL259C^ Y0L129W, 
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YDR259C. YDR380W^ YDR388W^ 

YGL022W. YGL126W. YGL209W^ 

YIL022W^ YIL024C> YIL117C, 

YJL149W, YJL159W, YJL186W, 

YLR307W, YLR378Cx YLR391W^ 

YNL208W^ YNL300W, YNR064Cx 

YPL163C^ YPR079W> YAR028W^ 

YDR019C^ YDR031W, YDR115W> 

YGR146C^ YGR207C^ YHL040Cx 

YMR072W^ YMR140W. YMR173W. 

Y0R136W, Y0R215C^ Y0R382W^ 

YAL054C^ YAROIOC. YAR027W^ 

YBR024W^ YBR035C^ YBR068C. 

YBR273C^ YCR004C. YCR021C, 

YDR003W^ YDR009W^ YDR033W. 

YDR357C, YDR358W. YDR396W^ 

YDR520C^ YDR534C. YDR539W^ 

YER067W^ YER080W^ YER107C. 

YGL008C^ YGL068W^ YGL073W> 

YGL242C. YGL249W, YGL253W^ 

YGR220C. YGR257C. YHL023C^ 

YHR190W^ YIL007C^ YIL033C^ 

YIR035C. YIR043C^ YJL012C^ 

YJL196C^ YJROeiWx YJR086W^ 

YKL067W^ YKL138C^ YKL139W> 

YLL023C, YLR023C^ YLR093C^ 

YLR252W> YLR270W^ YML030W^ 

YMR262W^ YMR272C^ YMR298W^ 

Y0R042W^ Y0R052C^ Y0R137C, 
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Y0R149C^ Y0R165W^ 
YPL203W^ YPL216W^ 
YBR299W, YDR518W^ 
YLR126C. YNL249C, 
5 YPR124W^ YBR074W> 

YDR105C, YDR268W, 
YGL250W^ YGR019W^ 
YHL044ff> YHR145C^ 
YJL185C^ YJL213Wx 

10 YLL025W. YLL051C^ 

YMR051Cx YMR139W, 
YNL285Wx YNL293W. 
Y0R221C^ Y0R374W^ 
YEL041Ws YEL047C, 

15 YLL055W^ YMR318C. 

YDL043C. YDL123W. 
YDR183W. YDR216W^ 
YEROeiC^ YER181C^ 
YGL193C. YGL202W, 

20 YHL036W. YHR048Ws 
YJL045W^ YJL060W, 
YKLieiC^ YKL221W^ 
YLR163C^ YLR220W^ 
YMR081C. YMR250W, 

25 Y0L147C^ Y0L159C. 

YBR047W^ YBR054W, 
YKR007W. YMR240C^ 
YBR186W^ YBR244W^ 
YDL244W, YDROISC^ 
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YOR270C^ Y0R285W. Y0R367W^ 

YPL255ff^ YPROOeC^ YPR073Cs 

YEL020C. YFL062W^ YGL039W, 

YNL284C. m336W, Y0L157C, 

YBR109C^ YBR126C^ YBR201W^ 

YDR452W. YEL075C, YER046W, 

YGR042W^ YGR053C^ YGR066C^ 

YIL058Ws YIL065C^ YIL083C. 

YJR029W^ YJR099Ws YJR122W. 

YLR043C^ YLR090W^ YLRIOOW^ 

YMR178W^ YMR193Ws YNL015W. 

YNR007C. YNR035C. YNR061C^ 

YPL123C^ YPR077Cs YPR107C> 

YER023W, YER119C. YFL055W> 

Y0L152W^ YAL007Cs YBR067C^ 

YDL131W, YDL168W. YDL212W. 

YDR253C> YDR295C. YDR494W> 

YFL052W^ YFL058Ws YFR030W^ 

YGL204C. YGL259W. YGR006W, 

YHR104W, YHR163W. YIL060ff. 

YJLIOIC^ YJL155C^ YJR085C, 

YKR071C, YLL009C^ YLL050C. 

YLR280C. YLRSllC^ YLR390W^ 

YNL240C^ YNL260C^ YNL277W^ 

Y0R184W^ Y0R228C. Y0R255W. 

YBR291C^ YDR069C^ YER124C> 

YNR050C. Y0R007Cx YAL015C^ 

YBR272C, YCL069W^ YDL025C. 

YDR054C^ YDR202C^ YDR223W, 
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YPL018W^ YPL156C. YPL186C, 

YPR098C^ YBR050C. YBR145W. 

YGL134W^ YJL217W^ YJR159W^ 

Y0R344C^ Y0R381W, YPL265W^ 

YCR005C^ YDL248Wx YDR041Wx 

YER050C, YER136W. YER159C. 

YGR247Wx YGR255C^ YGR295C^ 

YIL098C, YIL172C^ YJL030W, 

YJR125C, YKL190W, YKR020Ws 

YLRIOSC^ YLR290C^ YML068W^ 

YNL079C^ YNL122C^ YNL223W^ 

YOLOieCs YOL104C, YOR220W, 

YPR147C> YBR093C^ YBR196C> 

YGR209C> YIL124W^ YKL187C, 

YBR115C. YBR285W. YBR292C. 

YDR056C. YDR132C, YDR154C> 

YDR513W^ YEL072W^ YER045C, 

YGL089C> YGL096W, YGL114W, 

YGR070W^ YGR088W^ YHL034C. 

YIL136W^ YIR024C^ YJL036W. 

YJR109G^ YJR156C^ YKL070W, 

YLR092Wx YLR145W. YLR156W, 

YML116W. YMR034C^ YMR038C. 

YNR074C> Y0L044W^ YOL084W> 

YPL223C, YPR160W. YDL182W. 

YER131W^ YGR044C^ YIL094C. 

YBL065W. YBR105C^ YBR182C, 

YDL059C, YDL085Wx YDH13C, 

YDR350C> YDR353W^ YDR374C. 
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YDR512C^ YEL052W^ 
YGL117W, YGL146C> 
YHRlieW^ YHR124W^ 
YKL085W^ YKL133C^ 
5 YLR174W, YLR216C. 

YMR177W, YMR253C^ 
Y0L158C^ Y0R133W^ 
YPR015C, YPR086W, 
YBL086C. YBR026C^ 

10 YBR280C^ YCR036W, 
YDR177W^ YDR256C. 
YER090W. YER184C^ 
YGL185C^ YGL227W^ 
YHL019C. YHR012W^ 

15 YIL046W^ YIL143C^ 

YJR056C. YJR072C. 
YKL196C^ YKR012C^ 
YLR070C, YLR099C, 
YML032C, YML042W. 

20 YNL191W^ YNL212W. 

Y0L049W^ YOL064C^ 
YPL031C^ YPL113C^ 
YPROeiC^ YPR093C^ 
YPR193C^ YPR200C, 

25 YBR013C^ YBROISC^ 

YBR204C^ YBR241C. 
. YCR024C^ YCR105W^ 
YDL206W^ YDL230W^ 
YDR194C, YDR212W^ 
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YEL070W^ YER098W> YFR017C^ 

YGL240W^ YGROllff, YGR067C^ 

YIL097W^ YIL168W^ YJL103C, 

YKL162C^ YKL188C, YKL217W^ 

YLR247C, YLR260W, YLR267W^ 

YNL009W, YNL117W, YNL128W^ 

Y0R225W^ Y0R227W, YPL161C^ 

YPR201W^ YALOeiW^ YAL067C, 

YBR073W^ YBRIOIC. YBR117C^ 

YDL132W, YDL149W, YDL200C, 

YDR392W^ YDR394W, YDR531W^ 

YFL059W. YFR042W, YFR046C> 

YGL252C^ YGL254W^ YGR089W^ 

YHR017W. YHR028C, YHR106W. 

YIL152W> YIL159Wx YIL164C^ 

YJRllOW, YJE139C, YKL025C, 

YKR068C^ YKR069W, YLLOOIW. 

YLR144C> YLR157C^ YLRIBOC^ 

YML112W^ Y14L118W, YMR114C. 

YNL213C, YNL250W, YNL265C, 

Y0R088W^ Y0R155C^ Y0R257W^ 

YPL124W^ YPL151Cx YPL249C. 

YPR125W^ YPR158W> YPR168W^ 

YAL014C. YAL017Wx YAL049C^ 

YBR037C, YBR045C, YBR051W^ 

YBR255W^ YBR281C. YCL044C. 

YDL065C, YDL089W> YDL143W^ 

YDL233W. YDR040C. YDR071Cx 

YDR221W, YDR257C, YDR271C^ 
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YGL046W^ 


YGL067W^ 


YGL098W, 


YGR133W> 


YGR153W^ 


YGR223C, 


YJL221C, 


YJR036C^ 


YJR095W^ 


YKR061W. 


YKR105C^ 


YLL062C, 


YLR389C. 


YML007W^ 


YMR041C, 


YNL183C, 


YNR073C> 


Y0L133W^ 


YPL166W. 


YPL202C^ 


YPL224C^ 


YAR007C^ 


YBL033C, 


YBL056W, 


YBR123Cs 


YBR213W^ 


YBR269C^ 


YDL234C. 


YDL242W^ 


YDR099W^ 


YEL071W^ 


YER014W^ 


YER042W^ 


YFR049W, 


YGL026C^ 


YGL058W^ 


YGR112Ws 


YGR134W^ 


YGR276C, 


YHR109Ws 


YHR156C^ 


YIL036W, 


YJL071W> 


YJL094C. 


YJL154C. 


YKL034W, 


YKL064W, 


YKL171W> 


YLL057C. 


YLLOeiW^ 


YLR064Wx 


YLR164W^ 


YLR364W^ 


YLR421C. 


YMR115W^ 


YMR258C^ 


YNH81W, 


YNL312W^ 


YNR032Ws 


Y0L038W^ 


Y0R265W. 


YOR377W, 


Y0R386W^ 


YPL260W^ 


YPL274W. 


YPR048W^ 


YPR169W^ 


YPR174C^ 


YPR180W> 


YBL019W^ 


YBL058W^ 


YBROOIC. 


YBR063C^ 


YBR128C^ 


YBR129Cs 


YCL055W, 


YCR014C. 


YCR019W^ 


YDL173W^ 


YDH93W^ 


YDL197C. 


YDR078C. 


YDR109C. 


YDR140W, 


YDR287W, 


YDR294C, 


YDR316W. 
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10 



15 



20 



25 



YDR329C^ 


YDR338C^ 


YDR369C. 


YDR421W^ 


YDR425W. 


YDR485C, 


YDR488Cs 


YDR504C. 


YDR505C^ 


YDR506C, 


YDR515W, 


YEL005C. 


YEL037C, 


YEL044W^ 


YER017C^ 


YER048C^ 


YER052C^ 


YER078C^ 


YER089C^ 


YER092W. 


YERIOOW^ 


YER162C^ 


YER182W, 


YFL021W. 


YFL042C, 


YFR045W^ 


YFR051C, 


YFR056C. 


YGL040C^ 


YGL041C, 


YGL045W^ 


YGL057C, 


YGL093W^ 


YGLIOSW^ 


YGL125W, 


YGL166W, 


YGL181W^ 


YGL183C, 


YGL215W^ 


YGL216W, 


YGL221C, 


YGL223C^ 


YGR007W, 


YGR029W^ 


YGR155W, 


YGR156W, 


YGR186W^ 


YGR198W, 


YGR210Cs 


YGR211W^ 


YGR237C^ 


YGR250C^ 


YGR258C^ 


YGR266W^ 


YGR270W, 


YGR274C^ 


YGR277C^ 


YHL021Ch 


YHL037C. 


YHL038C, 


YHR082C, 


YHR083W^ 


YHR134Wx 


YHR160C, 


YHR171W, 


YHR180W^ 


YHR205W^ 


YIL062C^ 


YIL072W^ 


YIL075C^ 


YIL099W, 


YIL108W^ 


YIL165C. 


YIL170W, 


YIR009W, 


YIR018W. 


YIR031C. 


YIR032C, 


YJL032W, 


YJL049W, 


YJL128C^ 


YJL165C^ 


YJR044C^ 


YJR052Ws 


YJR090C. 


YJR091Cs 


YJR103W^ 


YJR104C^ 


YJR153W, 


YKL059C, 


YKL079W^ 


YKL090ff. 


YKL094W. 


YKL192C, 


YKL209C. 


YKR052C. 


YKR102W> 


YKRioew^ 


YLL054C^ 


YLR025Ws 


YLR097C^ 


YLR200W^ 


YLR226W^ 


YLR248W^ 


YLR266C, 


YLR392C. 


YLR427W, 


YML013W. 


YML029W. 


YML041C. 


YMLOSlWx 


YML078W, 


YML079W^ 


YMLOSBW^ 


YML099C^ 


YMR056C^ 


YMR068W^ 


YMR091C^ 


YMR110C> 


YMRieow^ 


YMR186W, YMR255W, 


YNL005C^ 


YNL026W, 


YNL039W^ 


YNL063W, 


YNL064Cs 


YNL077Ws 


YNLOSSW^ 


YNL147W^ 


YNL176C^ 


YNL194C> 


YNL253W^ 


YNL257C. 


YNL261W, 


YNL264C^ 


YNL276C^ 


YNRooew^ 


YNR034W^ 


YNR047W. 


YNR051C. 


YNR071C^ 


Y0L065C> 


Y0L067Cx 


YOR005C^ 


YOR008C> 


Y0R022C^ 


Y0R023C, 


Y0R058C^ 


YOR069W^ 


Y0R087Ws 


Y0R138C^ 


Y0R229W^ 


Y0R256C^ 


Y0R267C. 


YPL005W^ 


YPL020C. 


YPL022W. 


YPL105C^ 


YPL147W, 


YPLISOW^ 


YPL152W^ 


YPL164C. 


YPL168W^ 


YPL180W, 


YPL188W. 


YPL194W^ 


YPR025C^ 


YPR047W^ 


YPR049C^ 


YPR066W^ 


YPR081C> 


YPR134W^ 


YPR140W> 


YPR148C^ 


YPR155C^ 


YPR172W^ 


YPR185Wx 


YAL018C^ 


YAR064W, 


YBR012C^ 


YBR076W. 


YBR287W. 


YDR043C^ 


YDR250C^ 


YDR373W^ 


YFR014C^ 


YGL191W. 


YGR180C^ 


YHR136C^ 


YJL026W^ 


YJL037W. 


YLR038C, 


YNL058C^ 


YOR031W^ 


YGR087C^ 


YIL166C> 


YHR008C^ 


YIL129Cs 


YGL256W. 


YJR030C. 


YMR077C. 


YBR264C. 


YPL177C^ 


YKR040C^ 


YGL056C> 


YDR128W^ 


YGR139W^ 


YBLIOIW-A, YOR253W, Y0L026C^ YDR278C^ YHR095W^ YCL042W, YNL200C> YPL221 


YLR415C^ 


YMR058W^ 


YPR037C> 


YER072W, 


YML028Wx 


Y0R325W^ 


YAL039C^ 


YMR112C^ 


YJR107W. 


YGL088W. 


YJR058C^ 


YNL142W, 


YDR090C, 


YMR071C, 


YBL093C^ 


YGR293C> 
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YML055W, YDLOITW^ YDL210W^ YGL055W^ YCL025C. YDROSOW^ YDLISIW, YNROSOW^ 

YJL017W, YIL127Cs YDR281C^ YDR366C^ YFR026C^ YJL212C^ YPL215W^ YEL019C^ 

YBR132C. YHL018W. YNL196C^ YPL038W^ YAR047C^ YPL262W^ YHL006C. YPL225W. 

YBR124W^ Y0R148C^ YKR053C, YBL044W^ YER029C^ YLR360W. YCL056C^ YCR007C, 

5 YGR239C, YNL256W^ YPR146C^ YLR377Cs YKL097C, YBR066C^ YLR338W^ YDL229W^ 

YBR253W, YJR027W, YKL198C, YBL030C, YBR031W, YBR118W. YBR162C, YBR221C, 
YCR024C-Ax YCR106W. YDL046W. YDR012W^ YDR133C^ YDR134C^ YDR276Cx YDR342C^ 

YDR343C> YEL027W, YEL034W, YGR038ff^ YGR243W^ YGR279C^ YHR094C. YHR105W. 

YHR175W, YHR181W^ YIL056W^ YIL162W^ YJL059W> YJL097W^ YJL158C^ YJR105W^ 

10 YKLOSIW^ YKL056C, YKL097W-A. YKLIOOC, YKL141W. YKR066C. YLR134W. YLR258W, 

YLR339C, YML058W^ YMR083W^ YMR203W^ YNL209W^ YNL307C^ YOLOSOW^ Y0R178C^ 

YPL028W, YPR028W^ YPR113Wx YPR149W^ YPR150W. YPR183W^ YAL016W^ YBL099W^ 

YBLIOOC^ YBROllC, YBR096Ws YBRIOOW. YBR127C. YBR283C^ YBR286W^ YCLOOSC^ 

YCL058C^ YCR030C^ YCR034Ws YCR069W^ YDLOIBC^ YDL023C^ YDL061C^ YDL086W^ 

15 YDR038C, YDR039C^ YDR050C, YDR151C^ YDR178W^ YDR233C^ YDR284C^ YDR298C^ 

YDR345C, YDR359C^ YDR382W^ YDR385W^ YDR400Ws YDR407C^ YDR538W^ YEL024W^ 

YEL033W, YEL063C. YER057C. YER081W. YER120W. YFLOllW. YGL012W. YGL206C, 

YGR022C, YGR026ff^ YGR082W^ YGR107W^ YGR172C, YGR191W, YGR204W. YGR260W^ 

YHL005C, YHL046C^ YHR025W, YHR026W^ YHR123W. YHR126C^ YHR143W^ YILOllW^ 

20 YIL015W, YIL018W^ YIL157C, YIR041W^ YJL016W> YJL121C^ YJL133W^ YJL138C^ 

YJL191W, YJR018W^ YJR047C. YJR077C^ YJR119C^ YJR121W, YJR123W^ YJR143C^ 

YJR145C^ YKLOeOC^ YKL147C^ YKL148C^ YKL157W^ YKL164C^ YKL169C, YKR033Ch 

YLL041Cs YLL064C^ YLR041W> YLR044C^ YLR056Ws YLR058Cx YLR081W> YLR089C. 

YLRllOC. YLR177W^ YLR264W^ YLR284G^ YLR304C. YLR340W^ YLR354C> YLR372W^ 

25 YLR388W> YML022W^ YMR007W, YMROllW^ YMR015C^ YMR092C^ YMRlOlCs YMR156C^ 

YMR205C. YMR215W^ YMR261C^ YMR323W. YNL069C, YNL135C, YNL195C. YNR076W, 

YOL039W^ YOL073C, Y0L086C^ YOL120C^ Y0L156W^ Y0L161C, YOR002W. Y0R009W^ 

YOROIOC, Y0R085W^ YORlOSWs Y0R128C^ Y0R129C, Y0R142W^ Y0R161C^ Y0R176W^ 

Y0R230W, Y0R298W^ YPL004C. YPL036W. YPL048W> YPL057C^ YPL059W^ YPL061W, 
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YPL135W. YPL179W. 

YPRISIC^ YBR290W^ 

YFL026W. YGL018C. 

YBR020W, YBR044C. 

5 YDL119Cx YDL146W^ 

YDR277C, YDR286C, 

YEL057C^ YEL073C^ 

YFL046W, YFR006W, 

YGR023W^ YGR024C^ 

10 YGR236C^ YGR288W^ 

YIL050W^ YIL057C^ 

YJL199C. YJR039W^ 

YKL121W^ YKL160W, 

YLR030W. YLR036C. 

15 YLR257W^ YLR288Cs 

YML050W^ YML107C^ 

YMR206W^ YMR284W^ 

YOLllSC^ Y0R053W> 

Y0R312C^ Y0R327C^ 

20 YPL066W^ YPL148C. 

YPR194C^ YBR005W> 

YIL076W^ YJL166W^ 

Y0L108C, Y0R385W, 

YCL067C. YCR096C^ 

25 YDR378Cx YER015W. 

YMR197C^ YNL157W> 

YDR297W^ YGR149W, 

YFL050C^ YGL051W^ 

YML129C^ YNL203C, 
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YPL218W, 


YPL220W^ 


YPL246C, 


YCROIOC^ 


YCR091W. 


YDL107W. 


YGL059W^ 


YNL144C> 


Y0R003W, 


YBR091C^ 


YBR185C^ 


YBR282W^ 


YDL220C, 


YDR057W^ 


YDR123C^ 


YDR347W> 


YDR408C, 


YDR438W, 


YER066W, 


YER076C, 


YER084W^ 


YFR008W, 


YGL115W^ 


YGL208W, 


YGR064W. 


YGR076C^ 


YGR096W^ 


YHL042W^ 


YHR195W^ 


YHR210C^ 


YIL089W. 


YIL102C^ 


YILllSWs 


YJROSOWs 


YJRIOIW. 


YKL003C. 


YKL170W^ 


YKL194C^ 


YKR034W> 


YLR112W, 


YLR125W, 


YLR128W. 


YLR326Ws 


YLR334C^ 


YLR395C^ 


YML120C, 


YMR031C. 


YMR053C, 


YNLOIOW^ 


m025C, 


WL127W, 


YORIOOC. 


Y0R103C^ 


Y0R122C^ 


Y0R348Cs 


Y0R352ff, 


Y0R388C, 


YPL230W^ 


YPL275W^ 


YPL276Wx 


YER025Ws 


YFL027C^ 


YGL080Ws 


YLR046C^ 


YMR035W. 


YMR238W^ 


YPR165W. 


YAR033W. 


YBL038Ws 


YDL137W^ 


YDL192W^ 


YDR073W, 


YGL187C. 


YHR162W. 


YJL167W. 


Y0L002C^ 


Y0L109W^ 


Y0R180C, 


YGR224W^ 


YNL043C^ 


YPL067C. 


YHR132C^ 


YIL112W^ 


YJL141C^ 


YNR014W^ 


YOL043C^ 


Y0L096C. 



YPL272C, 


YPR063C. 


YPR080W, 


YDL129W, 


YDR066C. 


YDR529C, 


YAL037W^ 


YAR023C^ 


YBR003W^ 


YCROISC^ 


YCR038C^ 


YCR043C, 


YDR125C. 


YDR222W^ 


YDR225W^ 


YDR479C, 


YDR483W. 


YEL039C^ 


YER121W, 


YER189W^ 


YFL017C> 


YGL214W, 


YGL218W, 


YGR021W^ 


YGRlOSWx 


YGR174C. 


YGR182C^ 


YiLooew^ 


YIL012W, 


YIL028W^ 


YIL122W. 


YJLIOOW^ 


YJL169W^ 


YKL016C, 


YKL061W, 


YKL093W^ 


YKR067W> 


YLROOeC^ 


YLROieC^ 


YLR204W^ 


YLR211C, 


YLR233C, 


YLR408C^ 


YLR414C^ 


YLR444C^ 


YMR073C, 


YMR162C^ 


YMR204C^ 


YNL139Cx 


YNL217W^ 


YOLlieW^ 


YOR150W^ 


Y0R187W^ 


Y0R251C^ 


Y0R394W^ 


YPLOOlff^ 


YPL033C^ 


YPROOSC^ 


YPR014C. 


YPR192W. 


YGL205W^ 


YHL028W^ 


YHR185C^ 


YMR252C, 


YNL192W. 


YNL202W^ 


YBR009C^ 


YBROIOW. 


YBR151W, 


YDR086C^ 


YDR224C^ 


YDR377W^ 


YJL216Cs 


YKR009C. 


YLR165C, 


YPLOIOW^ 


YPL233W^ 


YBR036C^ 


YPL170W^ 


YCR046C, 


YDR387C^ 


YKR098C, 


YLR052W^ 


YLR206W. 


YPR184W, 


YAL028W^ 


YAL055W^ 
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YAR062Ws YBL095W^ YBL102W, YBR122C, YBR157C, YBR161W^ YBR251W^ YBR298C^ 
YCR039C. YCR083W^ YDL018C, YDLOBTC^ YDL078C, YDL091C> YDL215C. YDL216C^ 
YDR022C^ YDR067C, YDR079W. YDR181C. YDR186C. YDR196C^ YDR262W. YDR306C^ 
YDR319C^ YER188W^ YGL004C, YGL035C, YGR036C. YGR062C. YGR120C. YGR131W. 
YGR141W^ YGR167W. YGR287C^ YHL024Wx YHR080C^ YHR097C^ YIL077Cs YJL046W^ 
YJL070C. YJL096W^ YJL113W, YJL146W^ YJL180C, YJR019C> YJR049C> YKR058W^ 
YLL005Cs YLR078C. YLRISIC^ YLR271W^ YLR295C^ YLR351C^ YLR375W^ YMR023C> 
YMR025W^ YMR135C^ YMR210W^ YMR267W^ YMR278W> YMR293C^ YNL073W> YNR037C> 
YNR040Ws YNR072W^ Y0R028C, Y0R316C. Y0R328W^ Y0R363C^ YPL039W^ YPL040C. 
YPL099C^ YPL107W> YPL134C. YPL138C, ^tHPL140C„ 

*<^-r^^^— (MPLi-t^ K^^ytOMI P S : Munich Information Center 
for Protein Sequence^ tI^Sc^SGD : Saccharomyces Genome Database) ICH 

Tipst^y— X 3fc5^PCR Tips, 1999, pp25-43#m) o 

(1) mm{cmk^M^W]\ii.xm^^n^<i^^\ 

(2) ^JiS/5^p3mRNA^ttaiU 

(3) ^H^bfc^i^ W::a-^K^ffiV^TmRNA^3|frfe^UTcDNA^#, 
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(4) ^cDNA^7'^~>^i:U-CfflV^T_hfBO^«:^t^i:W:/y >5^^X$ 



« 

ffiV^btl/■r*3!?^ rff|K(^=¥5/> (^J;tf^, 01igotex-dT30<Super> mRNA 
Purification Kit, Takara) ^ffiV^tt}^^^T?fe5o w(DmRNA<lr^3fe^liU 
fcp^tJ' W;^-^ K^>^V^ji&^^^^^ (Super Script II Reverse Transcriptase) 

llcDNA^#So i^te^^**5j:t;«Cy 3 - d UT P C y 5 - d UT PT*^^ 
^BffiLfc^^;^ ^';t^K^>U6^^:l1^IS$t^TV^S (^!l;t{iSuper Script II Reverse 
Transcriptase; ;^ iJ' n i/#-§-18064-014. GibcoBRL) o ^^fe^HsUyt c DN A<^ 

RT-PCRf*. -^-TRNA ^M^^W^ (reverse transcriptase) ^ V ^ 
X c DNA(Cig&fe^±L. ^tcro c DNA^m^Unt VXm^<Dyv-^'^—± 
y bt»i*ittDNA^y^9— ^f^ffiV^TPCR^^TV\ g6^cORNA(D#^E^ 

±XdmB^^^ir^-^^ ^nTUy( (DNA^s/^) Sr^PMUTdS 
^X^^-!7-Ky5'i5^ gfe^^2m. ^±&> 2000, pp299-301) » m7L\^. 

( 1 ) ^HflSi^^^i^i^K^^D \^x^m^n-f^^\ 

(2) ^JiS}6^bmRNA^tti±lUN 
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( 3 ) mm. R N A ^ Jiiaoit^^ ty^4y'v ^4 y<^'^^:it. 

b^, K$ !j7i^, tK^, 4-::^ hcr;3{^y y >^-N-:^=^i^-r h% 2.4,5-b 
/W^^ Kf->"^>':35f>'. 2, 4. 5, 6-7^ b^rJ'nn- 1, 3 — <^y"^>^i^:^J^^ 

(Saccharomyces cerevisiae S288C(a SUC2mal mel gap2 CUPl)) ^2 5X:X^^ 
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10 



15 



20 



8 



N a 2 A s 

C d C 1 2 
HgCl 2 
P b C 1 2 

2,4, 5- by ^ni3:7^y— 



2, 4, 5, 6— 7^ h7^nD— 1, 3 — 



1 0 

1 1 

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

1 8 



1^ 



0. 3mM 
0. 3mM 
0. 7mM 
2mM 

0. 2 nM 

1 6 juM 

1 . 3mM 

2 p pm 
1 0 fiM 



7 5 AtM 
2 p p m 

0 . 8 2 mM 

1 . 3 6 mM 

0 . 2 0 mM 

1. 4 IM 

15 0 om^m 

0 . 0 2 % 
0 . 0 1% 



1) N- (JiK;^^^^^^^/^) ^y V^-hT>'^=^!>A4 1. 0%. #®^^J5 
9. 0% 



25 



Jt^^Tm^'L^ bT^0 ufco itbicg^m-^ b y ^M,mmm (5 omMg^M-:^ 

hy!j7A, lOmM EDTA, 1%SDS) ^^JP;t^ 6 5^-^55>K^i: 9 U 



1/2 ^l5!JB^T^'i> U_hl^^S^^#. ^tLtC_h^^ ^ 
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^ h V ly-:^ t.fc.m^. ^t°>';^7^i^^?^^^^ ^tBSrfTT'^ofc (Oligotex- 

5 dT30<Super>mRNA Purification Kit, Takara) o wOmRN A^^^^^bfcJ^ 

^ KSrffiV^aS^fe^^^ (Super Script II Reverse Transcriptase; ^ 

p ^##18064-014, GibcoBRL) Srffi V ^Ta^fe^ MU^<Dm^ C y 3 - d U T 
F^fci-tCy 5- dUTP^Slt) ^ * iir-C^li c D N A ^#fcio 

(DWM cDNA^TE^^y^r— (lOmM Tr i s • HCl/lmM EDTA, pH8. 0) 

10 ^u. ^«coi--<T<^5tfe^^^^i-5DNA^5/7" iDNA^y:fm^mM) K 
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r^OCOCMCXJ'^OOlOCOCO'^CM 

T-^ox-ocoo^r^mcocM 



T- CM LO 



<OCX>lOLOOOI^IOO> 



<o 



CM ^ 

m ^ » 

V- CM CM 



GO 



1^1^ Q ^ T--:'^^CM^COC>4CMCOCr>'^CO*CMCMCMx-=CMCNJ'^CM 



O CX> CM ^ O O 
CM O CM Csi 



CM a)T— i^coocoincMCMtoooLO-^-o^T— ocooo<ococ3>or^cor^oGO 

^^^^ ^^yT * * • • • • C^jj * f 

N \ co3l£0>'^00^'^000>OT— CX>CDO>'^'^Ot^LOr^CDU^I^CDOOCO'«— -sf 
A S ^ CNiT— CMO^"*-'*— CMt— X— -f— CO'r-CM'«-CD'«--COCOOT--C:>CMC3"^CDOx— T— 

2j ^ rvi CO 

WK^<dcMCOCM'^r^v-CMCOCO<Or-^CMCOT^'«-=CsJ 



00 



}^g>,^V^^lSco^x-^coc^^cou>lOCMco•^'s^|^'^-oc::>o<^'«-0'f-^ocM 



, — ^ coco^ooLoio^cox— cooior^o^cMcoooi^co 



ir> LO CD CM LO CD 



lO CM CM 



'T- O CM 



-IT- CM X- ir- 



CO oo 
OC:>l00>C0,r>I^C0'«-''v-CM0>CD'^0>CMOIOO'^r^lO'«!l-CDC0C0CX>(r5Cq 

^CMCMC=>CMS2cMT-:^CMCOC=>T^^O-r^CMCM^OO^ 



LO 

r^'^CMO^'^^lOCOOOO>C>>x—CMrOCOlOOOr^'^OOCMCOCOCOCMC73- 



CO 



OO to 



^ O O CM 



CM '<r- CM 



CM CM CO 



lO. 



r^cnoocj50CMior^i^cMC30oooco 



o>r^ocj>^cococox— '^CM 

CMOx-Ox-OCPOx-'«-'r- 



CM 



1^ iw «<- O 1^ 
CO CM C5 



CM CM 



GO oo o 
o CD 



CM 



o> CO CM or> 



CM 



CO. 



CO o> o> 

^ CN CO 



lO f- 



lO LO oo CO O 
CM O CM X- 



'«-oor^cocMcor^oco'*^»ocMU>"^ooo 

■r-CMOO'Sj-'r-'^x-v-CO^'v-^O^CMCM 



CM. 



1^ CM CO ^ CJ> CO 



CO 



iO'»-cM'«-cMT-ioocj>ococor^'^ooT-Lor^ 



CM 



CM CM 



CMCM^CMCMCO^CO't-CMCOCMOx- 



CO 'c- 



uo 

eg CO c=> CO. CO o 

•r- CM CO O CM 



coc3>ooc75Locor^cor^ 

▼-T-T-CMOCO'^-CMOO 



r^cococOGOcoLO^ 



?5><yqo5!?r=:i«r::rkQg;i^coS 



CO CO 



. _ 1*^ LTj r*- 1X7 o> 

LO ^ cn LO CO 



CJ> 



tx: 



^ Ql OC 

CD m O 



S 3 5 § 5:1 £3 2 li q: 3 0^ s 



o o 



u_ — I u. —J rv> — • 
GO O LU O □! ^ ^ 



CD L£2 CO 
CM ^ Q 

>->->->->->->->■>->- 
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|^aDCDL0C0C0"<:i-CDC\JU^CDOOC0C30>r^OC0CN^IOip 
T-OT-|^CN'T-0>r**'^CNIC>JCOCOU5<Ox-CNlOT-LOO<XSr^CN4U^LOOb 

COx— COOCDv-0'r-COOO'^OOOOOCOOOx--^'^'^OCMT-0 .O O O 
'^CX>C\JO0>OOC*>C>JOOI^OCNJC0C9O'^00'^C>t0'<d-'»--0^OC0'^C0Or0 

coa>roa>r^o>ocMCMOoo^ocx)cooT— o>o>r«-.Oi"^oo>ooo>c\jooooro 

0>^00<0'^C0OIOt^0>r^O4C0'^'^0>CN0>00C>JC\IC0C0C*><»IOC>ICQOC0^ 

• « . - . • • • • - - « • - » • • - • • • - • - • • _ • _ _» 

cocMcor^o>LOo>co'^"^too>ox— r^"^r^co -^r^cMtocoocNjcooo-*— -^o 
ocoocor^ooT— r^cocMococQT— oor^iocoo'^Loo^oox— coo>o^ 

^COOOCN|T-OOOr^'^OOlO"^T-'st<D^CDO>'^OOCNI<Or*-.COI^^OC\IOOC>JOq 

0>COO>^0>h^U>C»lOO>000>OOC>JI^I^'^0>QOOOI^«00>05r^O>0)00<£>0>'r-- 

000- ^OOOOOOOOOx-OOOOOOO-*— OOOOOOOOx— 

X— o>c>o>or^cor^u>oor*«-.^'r-r^coo<oooc>i'«— oo>coo>ooo>cocNicx> 

• w - « ■ « « « « • V V • •« « • • • • • • • • • * • • — * — * • • 

CO-*— CNC0C>|C>J'^C\|^^OO'r-T-Ox-C>JCN|'r-T-CN|'^O'«-OT-x-OO'«--T- 

cd'^COCOCNCOCOC>3cOCOlO<dCSJ'r^'«-^CN 

GO 

• LO 

coi^cDooo^c*>cNjo>ococor^oO"^o>'^'^u>a>o>c^ooo>i^oi^'r-io<oa>io 

. ^ • . . • ^« • - - • - « • - • • » ■ " * ■ " • - « " * * ' " 

h^'c— COGOOOO'^x— CO"^<3CD<OrOx— COCOx— C5COr — GOCX5LOCNJ"^CDIO'^OOCX5 

01- ^T— COOOOCDOO CMOlJr>r^tOOOO'^CDO>OCMx— a>OCQ0>00000>^ 

0>CNJ0>OO'^CNIOh^0>OC>JCNjT-C\|x-<DL0CsI'^<0C0OOOr«--00O'^O<^ 

lO <J> CD 1^ OJ •-xl' 000500lOO>CO<DODO>OCM'^^OOCO^r**-CM '0> CO CO CM CM CO 
T— OCMCM'c— X— "T— CDQCDx— Ox— OOOLOx— X— CQx— X— x~Ox— C^x— Ox— CMx— 

lOx— COr^'^x— L0G0O0505'^r — 00'^OOCX)CD^COOO'^'Sl-LOx;rO>COO>CMx--LO 
CQCMCNI^-^—CMx— X— CMOOCMOOOx— OCMCMx— '^'srrOUOCMx— X— Ox—x— X— 

OIOCM^O>COI^^Ii5<'><=?'^'«r<^S^ 
COCMCMx— -T— X— x:-x— -^x— O^'^'^OIO'*— T-O-*— COCMO'*— O'*-'*— -^^CM 

cococMcou^x— X— c^ci3a>oor^cx5CsicocM|s^'^cococQOCMO>a>r^ 

X— CMCM-*— CMCM-^x-OOOOOx-OCM-^-v-^-CMt-x!— x-OOO-x-OOOx- 
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GO r^-c-COOOx-COIOOOOOOCOlOCOOCO 



ocN4'«-cMo>'«--a>too> to CM 

CM'«-'r-T-'r-CMO'«-Ox-C>J 



OOCMO>CDOO"^So>COCOOOO>0000>LOO> 



^ 1^ id ^. 



<OCMOv-CMC>4x— x-^T— X— 0^-'T-^O^OCMOO'«-CsJ 



^ CO o 



-C0l0O00'^O<0r^'^"*^C0C0T-CMCMCMOC0CD<0OCMC0t*^O 
•«^'^C0C0CNJC>I^C3t-CvIC0'«-'«-^O'^x-x-x-'*-'^t-C\J'^v-x-OOC\| 

'T-C3>OOCOOoSc>JC55COOC3'^OCOa>h«-OOLOCO<OLOGOCDOOa>a>COOO 

idocoov-^i^cococNjcNuicocNj'^'^ 
^ csT iooqr*t<pcocq^'^cqcD'^u^T-;cqcouDCNjto 



if g 

T 

'-^\^^S"»-»OCMCNlU5COC0aDCO<OCOC0IO'^O>IOC» 
g5Z^T=^'r-:CN^C>CO^C=;c5'r^'^'^T-x-T-^ 

^n^^SJix5ioc30^cdc5'r^c>4^cgc>ic>ic>jc>i 
© » . 5=^ 55 «o o to -d: oo oq eg »^ »^ 



CO 0> LO 00 

• • « » 

O C=> O 04 



CO CO CM CO CsJ ^ 



CD 



05 



a_^5--.cMr^cMaocococDiq 



r^coh^^LooooocooLOGOCM 

« ■ • • * • • * » • * • 



GO CO OO O 0> CO <o 



A3 



o>co<ococomo"«-: 

• • • ■ • • * 5 

"sr^v-O'^'^-i^cM 



co^u>cMcoiO'^'^ocDh-*"^o>cMcoo>mcO'«-;oq 

^^r)^^^^CMv^C0CM^O4'«-^CMCMCD'r^^CNjCM 



CO CO o> 



C3> CO CM o 



f-COCM'^CO'^lOC3 



lo o> 00 CM to 

X- CO X- T- O CM 



c:>tot^r^ococMC7>cocor^ioooc)CT)C7> 



CD GO r — O <7> CM 



CMCOCOCO^COGOCOC35C=>cqT-^CJ>CsJI^C3CM^COI^Cqcq'r^C3l^r^CD^ 
CMCM'r^oS^0>CDC3O^C>5x-:<^^C>x-^^^OOx-^CMOOC=>C=>CM 



CO. 



to to to <3> GO 



CO X— CO 



CO 



lOO>COtOCOO>COCMOOCOt^'T— 
CDOt-Ot-OCM'^OCMO'^-v- 



CM 



CD lO LO 

» • • 

O O CM 



£r>cDr^'^<5>oocoo^oc7>-^r--. tq-^r^^cM^io^^^. 

S::i^Cg<=>CMCDCM-^CMCMCD^CsicM^^^^^CM^^^CM 



CD _ 

• oo 

^^^^^ m 



oo 



OCMx— OOT-CD'^lOOCMrOx- 

• • • • m m • • • • _ • • 

10'«-x-0'^COIOO'«-v-CMt- 



oocDLO"^"^Goooocor — or*-.ioo>oococo 



CM ^ 



cpScpjdoogj^ioS^roorr-ri-cpJ^ 

feS2^CM'J^S2r^COC3'^ri-CMOC5CM^^ 



GQ 



£2S52^J0^coh-cz> 
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^^^J ^^^J ^^^J ^^^S • • • ^^^^ v« 



CNj<oooc?aococoto 



CM-^^OOCOIOCMO 

» • • • ■ • • m m 



0> CM <0 GO OJ 



OJ CM 



a> O C7> O 
O -r- O CM 



■ • 



CDOOr^tOCOCNJCOCM'T- 



CMCMx-caOOCMCMT— GO 



LO CNI CM CO C3> 



ocDLococo<7>cMGor^o>coor^u>cDxi*ococo'^Lor^<0'«— '«;*-G0'^05o>Lo 

CO'^-'T-x-T— x-CMC30'«-'«-x--r^'^C>'r-COCM'«-C3>'c-CNICO'«-x-x--'c-OOT- 



ooLoco^'^oo^coocoo'^h-.T-cocn'^ 

OT-x-T-CM'sJ-CM'^-O'^'i-CMCMCMtO'r-^ 



OCOCO^IOC3>"^CQCO 
X— OCMCMt-x— x-x-CM 



CMC0CMtDa>CMC0C0'*-l0v-CMC0'^OC»C0x-C0C0f^^G0O0>CNl'^0>h^h--r^"T- 

COOJOCO'f— C3>COOO'^CMCOO>'^IOOlOOI^I^'«~Cs40>OCMO'^'*^0>I^'^COO 
Cvjc>3^^COCOCMtdCM<^COCS'^C^CNCOCMC^CMCO 



G00'«-0>CMI^CMCOOCM 



CM GO CO CO 
CM 



CMCMCMCMCJ^-r- <OCOO>'^CMCDO>^COCD 



O GO 



CM LO C3 
« • • 

CM O 



oiocj>f^tor^<oc7>coo> 

T-CMv-OCMv-T-T-'f-O 



0>COLnCO-«-r^O>CMCMO>U>0>0>0>CM 
C>JCM'«-=CDT-=CD'r^v^T-='r-:'r-=CD<Z)C>v^ 



to CM O lO 0> O 

« » • * * *» 

X- CM CD T- X- 



CM C> O O O CM C3 
^ ^ ^ 1^ ^ 00 CO 



'SfCMCOCMh^COCM'^COCOO^CO'^CO'^CDCO 
T-CO^'^'«-CM'^T-x— T— CMCM^-^-COt-CO 



COOOCM^2'^CM"^GOt— 0><OCDIOCO 
CM'^CM'X'*— 'V-COr^CM-^-CDOx-'^ 



ococot-x— h^'^cor^GOcor^coa>T— a>x— 

CO'^CMcdc>iCMOCMOx-=u5cOv^OJ'*-^CO'^ 



co^coocoocMr^^ooT— ouo'*;j-'^c30cor-coo>cDCQT— r^r^cNjx— 

x-T-f-T-OCMT-CM'«-OCM'«-'^'^'^0'«-OT-OO^T-OOCMCM 



GO CO CM 



GOCO GOt— GOCMOOCMOt- 

m • 4« m m m m m 

CMt— X— CMCOt-CMt-t-CMx- 



co r*- GO o> o> o> o> o> 

-T-CMOCO-r-x-OO 



CJ> GO O 
CM O CD CM 



CO CM O CM 

m m ^ m 

O CO CM X- 



LO CO CO GO 

• • ■ • 

CM CM ^ O 



<«- CM 0> CO 0> GO 



'^COO>CO"^"^CO'^lO<DO>OOlOCOCMOOGO'r- 
'r-x-OCMCMT-CM'*-'«-^'r-CDCM'«-'«-Ox-CM 



h^cDo^^ioa>c3>Gocococoa>i^ 



COGOmcMOGOCM'^r--CMtOCOOOC3>lOCM 



r*. CM CM 



C3>x— CM-^-O^OOOLOGO 
X— x— X— X— O 0> O 



C3> GO 



CM CM to GO CO 
•r- X- XT- X- CM ^ 



X— GO CO GO ^ CO 



CM to X- 



1^ ^ CO O CD CM 
CD Oi id CO CO 



CD CO <3> X- CO 
* ^ * • • ^ ■ 



CO a> I — CM 
CNj c> x-^ CNj x-= cri 



CD CO 

m m m 

O CM X- 



o> r*"- GO o 



CMx— r^GOCDC3^"^COI^CO^xt 

9 m m m m p»«»««« 

x-COCMCOCMx— x-COx— X— x-x- 



CMx— CMCOCDOih^CM 

^^^^esix-ox- 



CM CO GO CM 

■ ■ • • 

X- CM X- T- 



CM r*^ CO 



CMx— LOGOr^CD-^OCDOOOxrCMOOGOl^ 

m m ^ (^^? * • • • ^^^J ^^^J 



x-GOC3>COCMOGOlO 

• • • V ■ « » • 

x-OCDCMx-^-OO 



O O O O O O 



K^CMoi^COOJOr^CMCJiCOCMr^ogOCDGO^ 



O 



cDr^x— cooc'^cMo'^rircotorStSrfcjix^cooJor^cMc^ 

cMSr^Wc35coj:^S^So55SSo53^f^i^T^5P. HsSSSo4<oc^ 



GO 



a: a: cc q: cd (r 



CO CO ^ o 33 2 2 



^^S!20x=-CD'«r^^=^CMC>4oQCDo"^'^ - 
OOO^CQQQoacnCQOQCnOOOQQQQQQQ 
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CNIOC0CNIC*5L0OC>iC\|x-:^OOOOOC>JCsjOOOOT-^O 



<OCDCOh*.Oa>COGO 



ioooqcqo>cgc\io^cooo>a>cocDiooq'<^ 



ioiO'^ioocNjx-coior«*.o 
c^i " " * " * • • • • 



>h«-ooo>ooo>r^or^r^h^c\ioo<or^T— coh^ 

J ^p** 1^^^ • • • • ^^1* * 



eg 



00 CO CSJ O CO 

• « • « ■ 

O O CM T- -r- 



0>COCOtOO>0>lO'^COOO>000"v-lOOOt^ 



T-;C>JOaD'^C>JGq'r^CD'«-;T-^C0'^lO'^O'^T-00C0CQ<0 
C>lCNJC>J^CN|CNI<r-CN|CNlCMC>IC>ICNCgc4CMCr)C^^-:cr>C>JC>J 



'c- CM T- 



T-T-CMLOOOOOOh*. 



cMCM^coc^c3>^h-:CO'^iqco^i^rocO'^x~cM'^ 
^CM^^^T-cM^T~T-^^oc:5o^cMCM>r-:^<3x-^^^cox-:c3 



C:>CMOCMr>-I^C7>0>C0T-CMx-0> 
CM'^T-CM'^'^CM'r-CMCMCMt-O 



CMCM'r-^CsiOCMCMCOO^OO'^CMOOairO'^T— 
CMCO<*5cMCsiCDCM'^CO'^CN4'^CNJCI)OCMCMCM 



oJ'^CZicOCMx-^'^CMCOCOCM'^x-: 



GO o <o m o 

CO CM ^ CO CM ci 



CM-^^CO^CMCMCM<^CMCM 



CM 



CM CO X— lO ^ 



C0O00C^'r-CM<3C0r^0>0>0>'^"T— COIOCOOOOOCMLO 

^ " ^ " ^ * ^ * ^ • * - ^ ^ ■ " • ■ - • « ^» ~ ~- • a 



'^r^00U>00CMC0f^C0'^t000C30<0OT— COO>000>tOCMOO"^<OCOh^ 
x^ ^ CM X— X— X — T— O ^> O CM X— T — O T— O — T— ^— 



O O to CO 



CDcqox—x— coocoijOiococ^x-a>c3>co"^'^cMCM'^r*^ 



CM 



CMI^r^ON.<OCOO> 

_ • • » • a a • a 

COx— OCMCMOt-o 



u^i^cM'^c3>cj>r^u^or^oocoex>cotouooT-LOx--cMr^oc>io «^t-t-cocmo 

* • " ■ • ■ • * ■ m m » » > ■ a a a • a a a a » . . 



OOOOCMO-r-lOOOCO'^CO-^OOCOh^OCOCDx— 

" ' ^1-,* • « a a a a - a . . 



Ox-CMOCDCOC»Oh*-C3> 

— « " • • a a ■ • a 

COx— -^CMOx— x-CMOO 



ox— CMOCDCMx-OO 



COeMO>CMCMI^CMCO 



LOO>COCMOOr^O<OCOCMOO 



-oqcqocoiocMCMU5CMiocoaDCDCMi^'^ooT--iocMcox-a5r^coo>x-'^x-co 
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CM 



CO 



CM CM O O CO V- 



coo>^<ocoocoo>roo>r^<ocooT— T—coo>cor^o>o<ocMT— ioo><ocMo>ou> 

CMCMx— COlO^'^Ov-OO^-^^COx— CMO^"^Ot— T— v-T-T— 'T-'^CMCM'^ 



CM in CO o CO 
CO cn3 CO 



CM O 0> CD CO 



o 

• • • • 

T- CO 



T-CO^'si-OCMCMOOOtOCMCMCOCM 



CO 

'^r^CMr-;000>0>OCOOOOCDCDlOO>'^CMOO'«— COCMO><00>CM'^0^0>CM<»^ 
CM ' * C^4 ^^^^^^ • • • ^ ^ - • > • • • • ^ ^ ■ ^» c^ C^ • • • * • 



cMr^T— cooDcorOLocor^i — cMr^oocoooo 

t-CMCMCMC^CMt-t-x— '^T—T-C^OO'r-O 



OCM"^COIOO>OCOCOOOCOOOOO 

mm 9 m m m m m m m ^^^m m 



CMOOr^OOtOCMCMI^CMlOCX> 
T-OOCM-^-CMv-OCMOO 



CO ^ ^ 0> CO "^r- CO CM 



OOr^CM^CMGOGOCOOOOGO 
OOCMCM'^'^O'^-x-O^ 



x-000>IOa>in'Si*COCM^x--<OCOT-CMCgOO'^'s|-x~COT-lO^C>JCOLO"^OOCO'«-<X> 
CM'^C>4r^CMC>ScMc4CNSc^CMCMCsJCMCsiCMCMCOCO 



OJCOCOCM'^LOOOx- 
0'«-T-CM-^'«~0'«- 



u>r^or--r«-'^ooocM 



CMLOO>I^COU500C3>'st-a>CDlOCM 

* ^^^j ^^^J ^^^^ * * ^^^^ * ^^^J • • • 



I^CMCMI^OT-100>IOIO'^00'«-CO<00'^IOOCOCNICMCOCC>CMO'*-'^S^^OOO> 
T-'t-'r-COinCO'c-OCM'»-x-'«-'f-x-^CMT-CM'^T-x~'c-v-x-T-'r-CMT-V'c-T-CZ> 



<0CDO'^C0<0C0C0'^0>'^l^ 
^T-^CD'S^od'^-^CO'r-^COOCMOJ 



x-^CMCMCDIOCO'T-^x-^x-^T-^CMCM-^CM'T-^'r-^COx-^CNJ 



CM 

9 OO 0> CO O CO LQ 0> ^ CO ^ 0> 
-^O^COCsJC*5od>CMCMtx5 



Or^COI^IOC>CMLOOOOr^C7>I^LOO>CMCOOOIO 
jr>^Cs3T-^td'^'r-=COCMCMlOx-^CMlOOT-^ir>CMlO 



'sj- CD X- 0> CM 

* * ^1^3? 



OO CM 'T- CX3 OO T- 



O CO CM CM 



X— <D 0> 

• ■ ■ 

X- CM 



00 o 



T-tOCDCOr^T— CJiCOCM 
CMx-COCOIOt-x-x-x- 



CX> X- CD CM 0> lO 
CD X- X- X- -r- CM 



CMOOCOt— ^CMCOCOO>OOOCMIOCO 

m m m m mm m m w m m m m m 

CMT-CO-r-x— T—x-x-'r-CMT-x-x-T- 



cy> o> CM X— x^- 

• • • ■ • • 

o X- X- x^ m CO 



CX)tOOO-^COO<OCOU>COI^CMr^ 



0> CO CM O GO 

• m m m m 

O X- X- CO O 



O CM 0> to CM 

V • • « • 

X- X- O CO X— 



X— coocox— lo-^ocor^ cj^cmcmlooO'^cdx-cm 



r^CMOLOx-CMOOCMt^ 
Ox-CMx-x-x-Ox-x- 



C0C0C0CMCMO0>C0r*-C0C0U?G0ir>C0G0^IOC00000G0C0x-0>0>x-CMG0CMr<^ 
x-CO'^COx— COOx-OOx-x— O-^CMCMOx-x-OOCMx— x-00x-x-CM"^0 



x;** CD GO 

CM c> od 



CJ> O CO CO 



cMC3>cox-x^-r^inr^ 

x-0'«-l00'«-00 



r*-COOOCMCDOOCOx-lOCDCMCO 



000>0<3>COO>CMOC5>x— r^CMx— '^'^x^-CMCO'^CJJCOx-CDCOCOx-'^COlOlOCOx— 

« m m « « m m m m m mm 

Ox-CT^COCOCMx-x-Ox-O-r-CMCMCO-^— '«-x-'^Ox— x-x-x— x-x-x-T-CMx-CO*^ 



CO CM CO lO O 
" * * * " 



a> 



X- X- 

x-= C> CM 



ocoiocT>oooocDCDOx— Gooox— ior^r*»- 

m m m mm 













CO 
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lOCMCDtOOO>LOCMI^O>I^GOOCDO<J>Gq^. CDGOGO CJ>CMCMOI^Gq^O>OqO> 
0CZ>^x-:^CD^CM*C>0CDCD^CM^0CD'r-CM<30 x-x-^'c-OOCMCDOO 

<3>Loc5>cococDCMC3>iqr^GqcocDcococMx-;iqxr'^Kr<3> 

r— 5 «— > r— > i~ ^ ^ o X— ^ f— i x-^ x-^ x-^ x — x— x— x— x— x— x— x— O x— x— x— CD O CM ^ 



|s^tOCOCX)UOC35CDx-x- 



GOC^CJJCOCMCOCMCDGOt- 
■ » « ^ » • CM * 



GOCMCM'^LOLOOOSGOxfCM 



r^CMCMx-COCMOOCD 



GOCOCOCOt— COCOLOO><J>COIO'^LOIO 
» » » ^ » » » ^ ■ ■ * * 



CO GO 



GO h*- CO CO 

• • • « 

X- O O CM 



X— X— C3>GO'^CMCOCMI^CDLO'^LOC30COCDr-*COOCMGOCOCOC35I^COCOt**-'^'^GOx— 

X— u^Gqo>cz)r^r^^o>c3^i^p*^cDCMr^x-^LooqcM oo C7> oqcM^o>o>o>c>C3CMr*-io 



LO 0> CD CO 



wo 03/018791 



92 



PCT/JP02/08494 



CM 

CO CO 



COCNCOCOCOx— cgcoOiLOoococo 



CM r*- <D CM U> CO 



oqo<x>i^o>'^<^oc>05CMcqoq^o^oqGq 

1^. CO CO CO in o> U5 CM u> <q CO 
cocMCMx-c%Jco^'^cM'r-a5'*-r^cQr--io^'r^<qcqix>or^T-3C^ 



CJ>C5a>0>0>0>I^C0O-^^<pCM^'^CMOCM 
OCMC>000'^'r^"«-^-«--'«-"C>'^^^'«^'^'^ 



h^-a^COCDCO-T— LOLOOOCOO'*— 



cNoco-^Looir — coco 



f'^C0C0t^0>OC0C00>00CJ>CX>00C3C00>C0I^C> 
-'^x-'^T-'^T— x—O^OOOOCMOOO^CM 



o>c»o>o>o>'^r^cDoqr^c3>h-tx5ci>cqcj^cqc3>u>o>cM o>cd<X5 



o o o 



cj>cMoocococ3>'^oor^r^'«-:cq<5> o> co o> o> go r*-: cx> 



OmU>0'«*-C5CMr^C3>CM"^CM 



COO>CO'*--CMCOLO'^<30 00CO'^C3>COCOCOI^OOOOCOC>CX>LO 
'«r:CMCMCM^^'^^<3^^^'«-^CM^^^'r^CN|x-CMT-CM 



OCO-c-x-COCO-^CO 
'T-^CDOi'^'r^CMT-^CM 



x-x-CMOOU^^C»U^r^CO"^COCMx-^OlO'^lQ 
C0CMCMC0CMC0<d^CMCMC>iC0CM'^C>JC>JC\JOCM 



X- GO CD O CX) CD 1^ 



oQ^^oooo^oor^<3>coco r^cMcoc3>uqcMcqcMr*-cM 



0>'^t0C0O-r-00CM 



f^coT— cj^'-sfCMo^'sj-io '^cocxjcDcor'-jiocqi^cq 



r--io<5>o>C3c»o>ioco<35cx)CMi^x-o<7>o>oqa>oo. '^coioo>oq^-^^ 
c=;x-:c3C3x-^'«-^cDC>'r-:cDOT-:c3'c-coooooc>^ooo<=>0'«-^o^T--x-- 



oooioO'r-cMo>oLoi^oO'^cooqa>a>'«r^cj>oqr^"^ 
ocM'«--x-^x-^'<--0'^'^^0'«--'^ci><i><:5x--ot— ci>c^ 



or^h^coocMo^ocM 



CM r-- c» CO lo cxj CO CO 00 in CO r-^ CM 00 ^ ^ o CO CO ^. c>4 00 iq 



cocDLocor^cocDJ — ci><3^h*:COT-3 

^C3CDtOx-x-CMO'<c-000'«- 



00t0C0'^L000'^O^l00>C0l^<00>C0<0L0 



X- CM 



ocM^coc3>oor^oocMOCMtqo>'^cq 



CO 



Lo r — co cm cd co co 

• • - - • • _ * ■ • 



CM -r- CM 



sjLf ^ ro V." 
'C3CMx^lOCOCOCOCOtOCM'^CMCM 



OOCO^O>r*^h-C3000>0 



COCM<3>C7>C3>I^COh-'«-'^<36'«-CMCMI^C3cqCMCOr^O> 
CD'r-C3000CM'«-CMCMO'«-T-'^0'^'r--r-x-'«-CD 



^f^co'^h-cocx><3> 



o>cDS=2«S^ou4SSr5^Soc:-^rcco?:c^ 

^^So^oo^ioooP-bt^'^cnfecqlCuS 



OOOOOQlCLD-CLa.D_a-DQOU-^^poQ^ 



-J Ij 2 Dc^ § -J q: 

o m Si s ^ s Q 

>->->->->->->- 
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o> o oo 
X- uo o 



•r-OOO^OI^'OOOP^tOOICOOCO 



C£> 0> CO iO O CM GO 
O O <0 O CO o> 

a5 oa XT CNi oj CNi 



r*- CD <o o 

0> ^J" 0> CM 

» • • • « 

o o <o 



OO Csl CO CO CO 



• « • • a « « • 

OOOt-O-^CNJO 



CM-st-COCOr^T— COO>COC3>COO"«— O'^ 

m m m » w » m m m • • • • • • 



cj>c>gx-cMr^o<:>cMT-;oi^cocz>'«r-Gq'^cqocNjT-;o^ 



T- CO V- 

■ V • • • 

CM ^ CM 



or^i^f**:<ocMr*-;<3>cpoc)oqcD<X5coococM 

x-^ O O O O O O CO CZ> O CD O O T— T— CM 



C3> CD 
C> CM 



CM CO CM CO 



T- OO CD 



00C0CMC0CDO5COC00000CMC0C^O>CDC^COO> 
CDx-=^-=C>5c>4 0'«r-*T-^C=iCDCNj'«-=CDC>C>5CDOCD 



CO ^ ^ O CO 

m m m » • 

T- X- CM X- C> 



00 

m • 



<ocNi^'^x-xtcO'c-co'srh-.cx>^u>co'^cor«-cqcqi^oqcocDcqio^ 

* ^^^j ^^^j ^^^^ ^^^j ^^^^ ^F^" ^^^3 ^^^5 ^^^^ ^C^^ ^^^^ C^Z^ ^^^^ ^C3^ ^^^^ ^^^^ 



lO CM C7> o 
T- CM ^ O CD 



ocoo>cooocMCM'sj-'^coco'^cMtocDr^'*!i*'^oqoq 



CO X— oo CO 

> * ■ ■ • 

CD CM O O 



oooo>o>o>oo>ooh^ooooocMCDC35i^ci>oqr^o>cDcq 



CO oo <30 a> 



cMh^cooqo>'^cq'«-^'^c3>ci>cMa>o>'^o>oq'^cqo>CD^ 



0> CO 'f— CM C7> 
O ^ 'T- CM x- CD 



■^CMOOx— COOO<7>COOO 

« ■ • » • • " " • 

x-CMOx-x— COCDx-CD 



ci>cMh*-Lor^r^cor^'^coc3>ooooo>CMco'^ 

Ox-CDCDCMCDx— CDCDOCDO'T-x— X— X— X— 



m CO 

m 9 m 

O C3 CM 



01000'^0>10'^CMO 



lO O CO -r- 
• • « • 

O CM CD O 



CO 



CMOt0CMCMl0CM0>00 



CO 
CM 



CM 



coi^u^u^coiocMCDcoocooqx^cqx-cqGqc=>r^x--;cnr-^coo^^ 

CDCD^^'«^^'«-*^Ox-^x-^CDx-^C>x-OOx-Ox--OOOx-CDOCDOx-- 



to CM 



OOCMT-|^CMCOOCMU500>LO'^OCX>x-iqcMIX^<3>Oqx-3^0qCO. CJ>x-^U>00. 
^^^^^^^CMxr^CDx-:c=>C3CD'^O^OOCDOCDCMx-CI>x--0'<-OOC30 

CMCM<J>CM-^COCDlOCDr^CO'«4:C»x-:x-3CqcqC3>C» 

Oq<7>CJ>I^O>CMCM ^'^^^^•g^^o^S'^^^SS^^o^^^^^S^^ 

1^ CO oo f<35 h- CO CO 1^ CM CM X- CM CD -si- O Oq '«^. CO 0> CO r-*. 1^ C7> CM CM 

cM'*U5'^lO^^'<^oooox-a^a3<7>c?>x-cDx-cqcM^-:x-;c^o>oqcJ>oqcx)<I>C3> 

C^^o5ci2oOc5^C>JCMC0"C0<dC0C0CM^CMC0'^t0CMx-C0'«- 



x-oO"^cqcDcqo>o>'^oooqx-oqi^cpf^r^i^c*^o>^'^'^^ 

CVjx-^x-^T-^CM-r^x-^x-^x-^C^CDT-^CiCDx-^CDx-C^x-CDOx-x-x-CDx-x-x-CD 



to 



cO'^^ocr>coa>oocMx-coc^cj^oiocDOcoLqc3^oqcDC3a3cqi^oqo'^ 



i^lgiill^ifiiiiiiiliiiiiiliiiiii 
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I 

CNj'«!i-Kj-i^N-cx>coo>c3'**-c\io>'*-u^ooQcocoio^cN ^ 
iooo>V-cNjcooocNic*>ooaDo^o>iO'^'^^c::>ocn"^i^xfT~coo>co 

o>0'v-oooooo>o>o>o>x— 'T-r»*ocooocor*-h*-oo<oooocoooT— ocDx— 

* "* * * * • • • * ^'^^ 

o^op'^oc>oqo>cDcor^aoc»o>oa5oqo>r^oqcNjr^cDc>i 

ocDOoo'^<oc>jooo'^u^ooiocNiiocNjo>ro'^'^co<oiocQ'^r^io<p<qcoi^ 

^5 ^jr^ ^ I* ^ _ « ^» - ^ ^« ■ ^ ■ ■ ^1 i" ^ ■ ^ ■ C3 

COCOCT>^COCDr^CDLO'^COr — CMCOCO^OOOOOCOCOCMlOCMx— COLO LO <J> o 

* - ^ - ^_ * ^ » - ^ * ^,„^ ^.T* ^ ■ " ^-j 7 ^ ' ^ * 

or^ooa>coooc30>o>oocoi^'«-cj>coo>r^cDoqr^r^xti^oc)c\j 
csjcnoocxJCNicNjx-^x-^'.-^a^cocNjoq^ocNjgc^^ 

T--^OC>OOOCZ>CZ>C>CI>OOCZ)OCI>T-l 

a>u^Goa>oocNaa3CDcocN>cDcoocDCNC7>cx30ix)c:>oqcqr^o^ 

^90^ 9 V A S 4 W • ^ • • ^ • • • " ^^^^^^J ^^^^^^^ ^^H^^^ ^^M^^^ ^C^B^^ ^^^^^^^ 

GO CD CO cr> C7> T-a>co r**'t-<oioooo^r^i^cotqo>ior^x-;T-;'r-;"<^ooco 
**** ^^^^ c^^i ^^^5 ^^^^ ^^^^ • ■ ■ ^ji^J ^^^^ ^^^^ ^^^^ ^^"^ 

oou^ocococNcocDCNicor^c\i<oo^o>o>oooo>cooc>j<p'^u>cooqcn 

C>4CN4CNjc>icNCNiCN04CNC>jcsJCNiC>J<>i^x-^ 

^ CO T-^ O O O O 000C>C>C>'^'«--C>C»00C>J0 C> OO"*— Ox-^x-^O 
I^-^COt— OOCDx-CDCNlC0'^x-G0C0C0x-C>J"T-CgOC>|0>I^QlOC^ 

* , » » • « • • > m m m m • » - • • * • * * _ , * I, ,~ I ~ * * * 
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cocoh^cMcotococo to'co <oo>^moococO'^ocM'^r^'^o><or*^cr>ocNj'«— coo 

'«-'«-Oa>CNJC0x-OC0C0l0C3l0^-T-O<0OC\IO'^C\lC0CQOl0'^'^C0CN|x-CNI 
00>0'«--05t— X— oa><X>CSir^OO<J>00'«— ^<3CNlCNIO>OCX>'^CNJCNOx--OOCDCO 

. . . . . • • - » - - - - «... - - .... • - • - * - • 

'»-^x-C3x-OC0-«-x-C0OOC0CN|^CNCNI'T-T-O'«-OCNJCNir0O'«-C>O^'r-CN 

cor^incooO'^— u>ooooc»T-c\ir^cocoGO'*'^cor^a>cor^oocooc*5CsicocNx-c^ 

CslOO'T-OOOOCD"*— OOOOOCMx— v-OO^OOt— CMOOCNCN-*— 
CNIx— CNC3^000"^0>O^O^COOOC>JCOCO'«— COr^CNJI^IOCOCO'T-r^-^^ 

OO'^C00>CNJ0>"«— 0>U5^CQCSI005CNIU>CNO'r--t— aDO<0'<i"0010'^^"^C3h-- 
^ -r- T— O O O O T— X— O T— T— T— X— X— T— O 04 O CM O O O x— O O x— 

ooooo>ooO'^i^i^c3ooo>'^o>oooo>o>LOoor^oh^or^oooootoh--oocc) 

fv^x— lOOOOI^IOI^CNICO'^IO'^05000>COOOIOOO^~COx— (Tsir^T— CM 

^^^C>'«-CMx— Ox— x-CMOx-OOOx-Ox-OCslx-COx— Ot-^Ox--*-^^ 

cor^T— coo>i^'^cMr^cQCM'T--ooo>co<0'^r^cncoc>jor^<DO>'^'^cDr^c^ 
x-"ox-:^x-:o^xr^c>x-;coc>Ox-:^^x^ooo 

coh-cocvii^cor^c>j^'^CNiooocooiqcNj<Dx-^0'^i^o>'^^-o^ 

o>a>x— cx)CMoor^i^oi^c\iiococMooo>oo>ocsio>cMOx— ojcooc^cor^io-^ 

OOx-Ox-OOOx-. 0'«-0'r-x-x-0x-0x-x-x— x-x-x— O't-Ot-'^'^'*-'*- 

▼-OCO"*— 0■S^COOO'^x— OCOCOx— X— h^OOCMO'^Ox— lOCOLOCMtOOOCOr^O 
x-Ox-x-'ir-Ox-Ox-x-x-O^'c-^-OOx-^-Ox-^x-^x-Ox-OOx-'r-CM 

x-O<000CX)l0C0<D00<0CMx— or^'^CXJCOOCOCO'^r^OOOCOCOOx-I^CSIO 

<ooDO>c\ix— C3>u^x— r^r^ocxjir>o>cNioooF>c»h^i^oi^ooiO'^ootO"^oqx— ^ 

x-OOx-x-x-x-x~OOx-Ox-Ox-OOx-x-Ox-x-Ox-x-^x-x-Ox-CMx- 

CO to CNJ 'CO l^cp'x— 0>^CMCM<0^'^xr-<Ox--CDO>0>0>tOOCpi^OC'>r^ 
COC>5oix-:x-=x-=C>4x-^ CO' CNJ"^COC»iCNjc\JCOCNJC>ix-='r-^x-=C>4'^OOx-^x-:x-=<^ 

COOCOx— OCOO>CMx— X— X— COCOCOI^'^OOOOOOOlOOOOCD'^x—x— 'x4-LOCO*<^CnI 
T— OO^x— OOx— X— X— X— OO^O'T-OOx— v-O'^^O^'^x— OOOOx— 

X— X— oocoo>cor^oooooo>c7>iococDcoo'x-r^"^ooo>r^r^x-cocooooox— a>x-- 

x-x-Ox-OOOOx-x— OCO-'-'^-Ox-x— x-O0'«-Ox-Ox-Ot-00x-Ox- 
O^a>00>x— 00>000>050a>x— OOOx— 00OCMC00>CMCC>0>C00>CDOCMx— 

ocn?:cN^S^^«=>^-SoS^CDc»ou?o>Sc*>S^S^^>^o 

00^~CM"«— cmooocmcdx— X— U^QoSx—'^QSQ o* o o V- 

oooQoomLui£ooo3i=l^^p^oooa-Q-m^^SmmooQ 
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tJ5 



* ^^^^ • • • ^^^J ^^^J ^^^J ^^^^ • • ■ m m m m ^^^J • ■ » • « 



COCNJCNICMCNOCOCDCDCNICOOU^CNlx-I^CNICNIx-CNJOI^^LOCO^CNlCNlCOI^ 
CNCMCMCMCMCM^^-'r-T-x-'«-'r-CNCN'r-i-'T- 



'^-CMr^CMCOCOOO'sJ-'*- 



^COCD^UOOLOCOGOCO'^COCO^OQOOO^CN'^OO 



COCOQOr^<Z>CM'^OOC7>^'«— COt— LOO> 
• • • • • • » • * 



oc\jr^c>joo«oo>i^c\jT-cMcooo 



csi 



CQ a> GO ^ CO <o 



a>h-tO'«-coooor^T-couooocMcgcMco 

0'«-T-CNJx-'r-'f-CN"<r-C>J'«-'«-0'«-x-'«-'c- 



CDlOODlOU>'*-CNj'^'^'«*tOCNit^OO 



'«-r^o>'^oox--oooO'^c30CNiooc3>coooh--i^h*-or^in'«--cor^'^'^<:3or^cD 



CO X- GO 



T— T-c\j-'«*coa>ir>to 



Ot-t-Cv|t-t-t-x-CN 



0> ^ CM 
• • • • " 

^ O T- O CM 



0>0>CMG00><0'«-h-.C0'^'*-|^O 
C3OT-l0x-C0CM'»-OT-'r-i-Csl 



CO'^CX>00>00>COO> 
CMOt-'^OCMOO'^ 



C9 CD 00 CO CM 



CM 



L0'^«^'^tOlO00CJ>C0G0CJ>CJ>00O5CDC0'^CM00C0 



GOCOOI^CMt-v-IO 



r^00"^inCMC7>OO'«— l^r^LOCOCOCD'^CMOOOOCO 
f-O^"^f-x-CZ>^'r-CD^T-T-C0x-v-'f-'«-T-T- 



COCMCOO>CZ>CMf**-.CM 



oocococDr^x-GotococoLo iO'^cMr^covoo>r^cMi^r^oo<oooh^ 

^^^^ • * • * • ^^^J ^^^J ^^^^ ^^^^ ^^^J 



CM 



^<3LO'«-'«-'^00>T-0>OOUOC3^COOOO>C7>tO 



1^ CM <f> 



CM a> CO o> CO 



coh^T-of^cMh*.a>'^cj> 



m • 



lO CM O <0 O 



1^ CO 
T-^ CN 



CO 00 



lO C5> CD CM ^ 0> 



CO CO o> 

« ■ • 

CM O O 



ooo>mo>cococMCMa>or^<7> 



r^cocqcD'i— r^oox— 

cJ-^-^x-^CNlT-^CDOx-^ 



COCDOOOCO'^CJJCMCMOOOOt— OOCJ>C7>COCSJ'^<J>h«- 
* * * * • • • * ^ • • • • • ^^^J 



CO CO 



OJ 



Or^CMCM00CM0>C0'«-'^0>CM00'^CMCMC0C0OC3>0> 
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1. W^^W<D^^T\Z.^ YBR072W. YCR102C, YCRIOTW^ YDL218W^ YDL243C^ 
YDR453C, YDR533C, YFL014W. YFL056C^ YFL057C. YGRllOW. YJR155W^ YKLOTIW^ 
YKR076W, YLL060C^ YLR460C, YMR090Wx YNL331C^ YNL332W^ YNL335W, Y0L150C^ 
Y0L165C^ YPLITIC^ YPR167C> YBL048Wv YBL064C^ YBL107C, YBR008C, YBR173C^ 
YBR256C^ YBR296C^ YDL021W, YFL022C, YFL024C^ YFL061W> YGL121C, YGL158W^ 
YGR043C^ YHR029C. YHR112C, YHR139C, YHR179W, YHR209W, YIR030C> YJROIOW^ 
YJR048ff. YKLOOIC. YKL107W. YKR075C^ YKR097W^ YLL056C> YLR297W, YLR303W^ 
YML087C^ YMR096W^ YNL274C. Y0L151W, Y0R226C> Y0R338W^ Y0R391C, YPL280W^ 
YDR406W. YJL153C^ YLR346C. Y0R049C. Y0R153W^ YPL088W^ YAL034C, YDL124W^ 
YDL174C. YDR476C^ YGL156W. YGR035C^ YGR157W^ YGR213C^ YGR281W, YGR284C^ 
YHL047C, YHR043C, YHR044C> YHR054C. YJR073C, YKL165C. YLR008C. YMR315W> 
YNL211C. Y0L031C, YOLIOIC, Y0R303W. YAL005C. YAR031W. YBL005W-A^ YBL022C^ 
YBL041W^ YBL049W> YBL075C. YBL078C^ YBR062C, YBR169C^ YBR294W^ YCL020W^ 
YCL035C. YCL043C^ YCL050C, YCL057W^ YCR012W. YCR013C. YCR060W. YDL007W^ 
YDL027C. YDL097C. YDLllOC. YDL126C. YDL169C. YDR070C. YDR155C^ YDR158W^ 
YDR204W> YDR210W^ YDR214W. YDR258C^ YDR313C^ YDR368W^ YDR435C^ YER012W> 
YER037ff^ YER091C. YER103W, YFL044Cs YFR003C, YFROIOW. YFR020W. YFR024C. 
YFR044C. YFR053C. YGL006W, YGL048C^ YGL062W^ YGL141W^ YGL157W^ YGL163C^ 
YGL180W. YGL184C^ YGROIOW. YGR028Wx YGR032Ws YGR048W> YGR124W^ YGR135W. 
YGR142W. YGRieiC^ YGR192C, YGR197G^ YGR201C, YGR212W^ YGR231C> YGR244C> 
YGR254W. YGR268C, YHL030W, YHR016C^ YHR018C, YHR055C> YHR087W> YHR166C, 
YIL160C, YIR017C, YJL034W. YJL048C, YJL052W, YJL144W. YJL163C, YJR009C, 
YJR069e. YJR074W. YJR130Cs YJR149W, YKL065C, YKL073W, YKL103C. YKL142W, 
YKL210W^ YKL218C. YKROllC, YKROlSCs YKR046C^ YKR049C> YLL024C^ YLL026Wx 
YLR027C, YLROSOW^ YLR107W, YLR121C. YLR132C, YLR133W. YLR155C. YLR158C^ 
YLRieiW^ YLR195C. YLR217W, YLR328Wx YLR336C. YLR345W^ YLR370C, YLR423C^ 
YML004C^ YML092C^ YML128C, YML130C^ YML131W^ YMR040W, YMR118C, YMR214W, 
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YMR251W> YMR297W^ YMR322Ch YNL036W, YNL055C, YNL071W. YNL094W. YNL134C, 
YNL155W, YNL160W. yNL239W^ YNL241C^ YOL005C. Y0R020Cx Y0R027W^ Y0R037W> 
YOR059C^ Y0R120W. Y0R134W^ Y0R152C, Y0R173W^ Y0R289W^ Y0R362C, YPL240C, 
YPR030W, YAL008W. YAL023C. YAL060W, YAL062W. YAR009C, YBLIOIC, YBR006W, 
5 YBR046C. YBR052C^ YBR053C^ YBR056W^ YBR099Cs YBR137W^ YBR139W^ YBR149W, 

YBRITOC^ YBR177Cx YBR203W^ YBR207W^ YBR212W. YBR239Cs YBR284W> YBR293Wx 
YCLOISW^ YCL033Cs YCL040W^ YCL049C. YCR062W^ YCR067C^ YCR082W, YDLOlOW, 
YDL020C. YDL024C, YDL054C^ YDL095W^ YDLIOOC^ YDLllSC^ YDL144C, YDL198C, 
YDL223C^ YDL245C. YDL246C> YDROOIC^ YDR032C^ YDR058C^ YDR072C, YDR127W, 

10 YDR168W^ YDR169C, YDR188W^ YDR231C^ YDR261C. YDR264C^ YDR272Ws YDR293C, 

YDR304C^ YDR330W. YDR403W^ YDR411C^ YDR427W^ YDR436Ws YDR497C^ YDR511W. 
YDR516C, YDR519W, YDR545W. YEL012W. YEL030W. YER004W. YER009W, YER021W, 
YER035W. YER053C^ YER079W^ YER094C^ YER096W^ YER125W> YER158C, YER163C^ 
YER175C^ YER177W^ YER178W^ YER185W^ YFL006W^ YFLOIOC^ YFL016C^ YFL029C, 

15 YFL030W, YFL031W, YFL032W. YFL038C^ YFL041W. YFR004W^ YFR047C. YFROSOC. 

YFR052W^ YGLOllC. YGL013C. YGL037C. YGL047W. YGL053W^ YGL091C, YGL094C^ 
YGL127C^ YGL150C. YGL199C, YGL207W^ YGL248Ws YGROOSC^ YGR037C^ YGR055W^ 
YGRIOIW^ YGR130C, YGR154C^ YGR194C^ YGR221C^ YGR232W> YGR248W^ YGR253C, 
YGR256W^ YHLOOSC^ YHR027C. YHR053C^ YHR057C, YHRlllW^ YHR138C^ YHR161C, 

20 YHR164C. YHR169W, YHR174W^ YHR176Wx YHR199Cx YILOIOW^ YIL034C^ YIL041W> 

YIL045Wx YIL087Cx YIL107C, YIL142W^ YIL155C, YIR034C^ YIR036C, YIR037W> 
YIR038C^ YIR039C^ YJLOOIW^ YJL031C^ YJL035C, YJL053W> YJL057C^ YJL066C^ 
YJL068C, YJL082W, YJL099W, YJL102W, YJL151C, YJL152W, YJL161W, YJL164C, 
YJL171C, YJL172W, YJL210W, YJL219W. YJR008W^ YJR045C, YJR046W. YJR106W. 

25 YJR117W^ YJR137C. YKL007W. YKL026C. YKL035W, YKL091C^ YKL104C^ YKL117W^ 

YKL145W^ YKL146W, YKL151C, YKL152C. YKL153W. YKL193C^ YKL195W. YKL213Cx 
YKL215C^ YLL028W, YLL039C^ YLL058W, YLR054C. YLR103C, YLR120C. YLR136C^ 
YLR149C. YLR152C. YLR178C^ YLR259C^ YLR299W, YLR324W, YLR327C> YLR348C^ 
YLR350W^ YLR356W^ YLR362W^ YLR387C. YLR429W. YML054C, YML070W. YMLIOOW, 
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YML117Wx YML125C. 
YMR097C^ YMR102C. 
YMR219W> YMR271C^ 
YNL012W^ YNL044W^ 

5 YNL156C. YNL231C. 

YNR019W, YNR033W. 
Y0L071W, Y0L082W, 
Y0L162W^ YOLieSW^ 
Y0R124C. YORISOCh 

10 Y0R273C, Y0R288C^ 

YPL109C, YPL149W. 
YPR026W, YPR067W^ 
YCL009C^ YCL027Ws 
YELOOIC, YEL042W. 

15 YIL023C^ YIL153W. 

YKR091W^ YLR109W^ 
YNL322C^ Y0R181W. 
YBR023C^ YBR214W. 
YDR259C^ YDR380W^ 

20 YGL022W^ YGL126W. 

YIL022W. YIL024C. 
YJL149W> YJL159W^ 
YLR307W. YLR378Cx 
YNL208W^ YNL300W^ 

25 YPL163C, YPR079W, 

YDR019C, YDR031W^ 
YGR146C, YGR207C^ 
YMR072W, YMR140W. 
Y0R136W, Y0R215C^ 
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YMR004W^ YMR008C^ YMR009W^ 
YMR105C. YMR107W. YMR152W, 
YMR275C^ YMR295C^ YMR314W^ 
YNL045W^ YNL074C^ YNL092W^ 
YNL234Wh YNL237W> YNL281W^ 
YNR059W^ YNR068C. YNR069C^ 
Y0L083W^ Y0L117W^ Y0L119C. 
Y0L164W. Y0R019Ws Y0R035C^ 
Y0R132W. Y0R157C> Y0R185C> 
Y0R332Ws Y0R336Ws Y0R347C. 
YPL154Cx YPL196W^ YPL206C^ 
YPR103W. YPR108W, YPR151C. 
YCL064C> YCR098Cs YDL222C^ 
YER026C, YER106W. YGR136W. 
YJL073W^ YJR004C^ YJR054W^ 
YLR194C^ YLR250W^ YMR095C. 
Y0R198C^ Y0R208W. Y0R247W^ 
YBR295W^ YCR048W> YDL072C> 
YDR388W^ YDR391C, YDR432W^ 
YGL209Wh YGL255W. YGR189C^ 
YIL117C> YIL123W, YIL140W^ 
YJL186W> YJR148W. YKL096W. 
YLR391Ws YMR094W, YMR104C. 
YNR064C^ Y0L013C^ Y0L058W^ 
YAR028W^ YBR146W. YBR183W. 
YDR115W. YDR486C^ YER038C^ 
YHL040C^ YIL167W. YJL020C, 
YMR173ff^ YMR195W^ YMR226C, 
Y0R382W^ Y0R383C. YPL054W, 
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YMR020W> YMR067C^ YMR089C^ 
YMR180C, YMR184W^ YMR191W, 
YMR316W. Y^IL006W^ YNL007C> 
YNL093W, YNL104C^ YNL115C> 
YNL305C^ YNL333W^ YNROIOW^ 
Y0L032W> YOL036Ws Y0L047C. 
Y0L126C^ Y0L131W^ Y0L153C^ 
Y0R036W^ YOR099Ws Y0R117W, 
Y0R197W^ Y0R259C. Y0R261C. 
YPL017C^ YPL087W^ YPLlOeC^ 
YPL222Wx YPR023C^ YPR024W^ 
YAL012W^ YBR029C. YBR222C^ 
YDR055W. YDR077W. YDR502C^ 
YGR138C> YHR137W> YHR142W^ 
YKL039W^ YKL086W^ YKL163W. 
YMR189W. YNL106C. YNL169C> 
YPL089Cx YAL038W, YAL053W^ 
YDL204W> YDR085C. YDR098C^ 
YDR481C^ YDR510W. YER069W^ 
YGR282C^ YHL035C> YHR030C^ 
YIL154C^ YJL088Ws YJL108C, 
YLR180W^ YLR273C^ YLR300W> 
YMR276W> YMR296C, YNL190W, 
Y0R248W. YOR355W. YPL052W^ 
YCL038C^ YCR071C^ YDLOOSW^ 
YER130C. YFL054C^ YGL136C> 
YKR039W. YLR031W. YLR205C> 
YNL037C^ YNR002C^ Y0L143C> 
YPL271W. YPR127W^ YAL044C^ 
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YAL054C^ YAROIOC^ 
YBR024W^ YBR035C^ 
YBR273Cs YCR004C, 
YDR003W. YDROOQWs 
5 YDR357C> YDR358W, 

YDR520C^ YDR534C^ 
YER067W^ YEROSOW^ 
YGL008C. YGL068W. 
YGL242C. YGL249W, 

10 YGR220Cs YGR257C^ 

YHR190W^ YIL007C^ 
YIR035C> YIR043C^ 
YJL196Cs YJR061W. 
YKL067W. YKL138C. 

15 YLL023C. YLR023C^ 

YLR252W^ YLR270W^ 
YMR262W. YMR272C. 
Y0R042W^ YOR052C^ 
YPLOISW^ YPL156C^ 

20 YPR098C^ YBR050C. 

YGL134W. YJL217W. 
Y0R344C^ Y0R381W^ 
YCR005C^ YDL248W> 
YER050C^ YER136ff, 

25 YGR247W. YGR255C^ 

YIL098C^ YIL172C, 
YJR125C^ YICL190W> 
YLRIOSC^ YLR290C, 
YNL079Cs YNL122C. 
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YAR027W^ YAR071W^ YBLOOIC. 
YBR068C^ YBRlllC^ YBR116C^ 
YCR021C> YCR037C, YCR088W, 
YDR033W, YDR084C, YDR104C, 
YDR396W> YDR405W^ YDR410Cv 
YDR539W, YELOllWs YEL065W, 
YER107C^ YFL020C^ YFL028C^ 
YGL073W^ YGL104C^ YGL113W^ 
YGL253W^ YGR052W^ YGR060W, 
YHL023C^ YHL048W^ YHR004C, 
YIL033C^ YIL070C^ YIL088C. 
YJL012C, YJL083W, YJL089W, 
YJR086W. YJR142W. YJR161C, 
YKL139W^ YKL150W^ YKL175W> 
YLR093C, YLR118C, YLR142W, 
YML030W^ YMLllOC^ YMR021C. 
YMR298Ws YNLOllC. YNL130C. 
Y0R137C^ Y0R149C^ Y0R165W, 
YPL186C, YPL203W, YPL216W, 
YBR145W^ YBR299W^ YDR518W. 
YJR159Ws YLR126C. YNL249C. 
YPL265W> YPR124W^ YBR074W, 
YDR041Wx YDR105C^ YDR268W> 
YER159C^ YGL250W. YGR019W^ 
YGR295Cx YHL044W. YHR145C. 
YJLOSOWx YJL185Cs YJL213W. 
YKR020W, YLL025W, YLL051C. 
YML068W. YMR051C^ YMR139W, 
YNL223W, YNL285W, YNL293W^ 
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YBL043W, YBL057C^ YBR014C^ 
YBR147W^ YBR168W^ YBR246W^ 
YDL022W^ YDL128W^ YDL238C^ 
YDR270W, YDR315C. YDR340W^ 
YDR434W. YDR482C> YDR487C^ 
YEL066W^ YER039C^ YER044Cx 
YFL043C^ YFR015C> YGLOOIC^ 
YGL154C^ YGL167C^ YGL229C^ 
YGR065C^ YGRlOeC^ YGRlllW^ 
YHR037Ws YHR071W^ YHR092C^ 
YILlllWx YIR002C. YIR016W. 
YJL116C, YJL131C, YJL132W^ 
YKL008C^ YKL013C> YKL041W^ 
YKROOeC^ YKR014C^ YKR070W^ 
YLR225C^ YLR241W. YLR251W. 
YMR027W^ YMR148W^ YMR181C> 
YNL214W, YNL259C^ Y0L129W^ 
Y0R270C. Y0R285W. Y0R367W^ 
YPL255W> YPR006C, YPR073C. 
YEL020Cx YFLX)62W> YGL039W^ 
YNL284C^ YWL336W> Y0L157C^ 
YBR109C. YBR126C> YBR201W. 
YDR452W^ YEL075C^ YER046W. 
YGR042ff> YGR053C, YGR066C^ 
YIL058W^ YIL065C. YIL083C^ 
YJR029W^ YJR099W. YJR122W^ 
YLR043C^ YLR090W, YLRIOOW. 
YMR178W> YMR193Ws YNL015W^ 
YNR007C. YNR035C, YNR061C. 
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Y0L016C, Y0L104C, 
YPR147C> YBR093C^ 
yGR209C^ YIL124W^ 
YBRllSC^ YBR285W, 
5 YDR056C^ YDR132C> 

YDR513W, YEL072W^ 
YGL089C^ YGL096W. 
YGR070W, YGR088W, 
YIL136W. YIR024C, 

10 YJR109C, YJR156C, 

YLR092W. YLR145W, 
YML116W. YMR034C, 
YNR074C^ Y0L044W, 
YPL223C> YPR160W, 

15 YER131W^ YGR044Cx 

YBL065W^ YBR105C> 
YDL059C^ YDL085W^ 
YDR350C. YDR353W^ 
YGL046W. YGL067W, 

20 YGR133W^ YGRISSW, 
YJL221C^ YJR036C^ 
YKR061W. YKR105C, 
YLR389C. YML007W, 
YNL183C^ YNR073C, 

25 YPL166Ws YPL202C. 

YAR007C^ YBL033Cs 
YBR123C^ YBR213W, 
YDL234C^ YDL242W. 
YEL071W. YER014W, 
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Y0R220W^ Y0R221C^ Y0R374W^ 
YBR196C. YEL041W^ YEL047C^ 
yKL187C^ YLL055W^ YMR318C^ 
YBR292Cx YDL043C^ YDL123W^ 
YDR154C^ YDR183W^ YDR216W^ 
YER045C, YER061C. YER181C. 
YGL114W^ YGL193C. YGL202W. 
YHL034C. YHL036W^ YHR048W> 
YJL036W. YJL045W^ YJL060W, 
YKL070W^ YKLieiC^ YKL221W^ 
YLRlSeW^ YLR163C^ YLR220W^ 
Y^4R038C^ YMROSlCs YMR250W. 
Y0L084W. Y0L147C^ Y0L159C^ 
YDL182Ws YBR047W^ YBR054W^ 
YIL094Cs YKR007W> YMR240C^ 
YBR182C^ YBR186W. YBR244W. 
YDL113C> YDL244W^ YDR018C^ 
YDR374C^ YDR512C^ YEL052W^ 
YGL098W. YGL117W^ YGL146C> 
YGR223C, YHR116W. YHR124W. 
YJR095W> YKL085W^ YKL133C^ 
YLL062C^ YLR174W^ YLR216C^ 
YMR041C^ YMR177W^ YMR253C^ 
Y0L133W. Y0L158C^ Y0R133W^ 
YPL224C> YPROISC^ YPR086W> 
YBLOSeW^ YBL086C^ YBR026C^ 
YBR269C^ YBR280C, YCR036W. 
YDR099W^ YDR177W^ YDR256C, 
YER042W^ YER090W. YER184C, 
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YPL123C^ YPR0?7C^ YPR107C^ 
YER023W^ YER119C. YFIj055W> 
Y0L152W^ YAL007C^ YBR067C^ 
YDL131W, YDL168W^ YDL212W^ 
YDR253C. YDR295C^ YDR494W> 
YFL052W^ YFL058W^ YFR030W^ 
YGL204C^ YGL259W^ YGR006W^ 
YHR104W, YHR163W^ YIL060W, 
YJLIOIC, YJL155C^ YJR085C, 
YKR071C^ YLL009C^ YLLOSOC^ 
YLR280C> YLR311C^ YLR390W> 
YNL240C. YNL260C^ YNL277W^ 
Y0R184W^ Y0R228C^ Y0R255W^ 
YBR291C. YDR069C> YER124C^ 
YNR050C. YOR007C. YAL015C> 
YBR272C> YCL069W^ YDL025C> 
YDR054Cs YDR202C^ YDR223W, 
YEL070W^ YER098W, YFR017C^ 
YGL240Ws YGROUW^ YGR067C, 
YIL097W. YIL168W^ YJL103C> 
YKL162C, YKL188Cx YKL217W, 
YLR247C. YLR260W^ YLR267W. 
YNL009W. YNL117W^ YNL128W^ 
Y0R225W^ Y0R227W^ YPL161C^ 
YPR201W^ YALOeiW^ YAL067C, 
YBR073W. YBRIOIC^ YBR117C. 
YDL132W^ YDL149W^ YDL200C, 
YDR392W^ YDR394W, YDR531W, 
YFL059W> YFR042W^ YFR046C. 
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YFR049W^ YGL026C^ 
yGR112W, YGR134W, 
YHR109W^ YHR156C^ 
YJL071W, YJL094C^ 
5 YKL034W^ YKL064W^ 

YLL057C^ YLLOeiW^ 
YLR164W^ YLR364W^ 
YMR115W, YMR258C, 
YNL312Ws YNR032W^ 

10 Y0R265Wh YOR377W. 

YPL260W^ YPL274W^ 
YPR169W, YPR174C, 
YBL019W^ YBL058W^ 
YBR063C. YBR128C^ 

15 YCL055W. YCR014Ch 

YDL173W^ YDL193W^ 
YDR078C> YDR109C^ 
YDR287W, YDR294C> 
YDR485C. YDR488Cx 

20 YEL044W^ YER017C^ 

YER162C. YER182Wx 
YGL041C^ YGL045W^ 
YGL183C, YGL215W. 
YGR156W^ YGR186W. 

25 YGR266W. YGR270W^ 

YHR083W^ YHR134W^ 
YIL075C, YIL099W^ 
YIR032C^ YJL032W^ 
YJR091C. yjRlOSW, 
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YGL058W^ YGLISSG^ YGL227W^ 
YGR276C^ YHL019Cs YHR012W, 
YIL036W^ YIL046ffx YIL143C^ 
YJL154C^ YJROSeCs YJR072C. 
YKL171W. YKL196C. YKR012C^ 
YLR064W^ YLR070C^ YLR099C, 
yLR421Cx YML032C^ YML042W^ 
YNLISIW^ YNL191W^ YNL212W^ 
Y0L038W, Y0L049W^ Y0L064Cs 
Y0R386W^ YPL031C> YPL113C^ 
YPR048W^ YPR061C. YPR093C^ 
YPR180W. YPR193Cx YPR200C. 
YBR001C^ YBR013C^ YBR018C> 
YBR129C, YBR204C> YBR241C^ 
YCR019W^ YCR024Cs YCR105W> 
YDL197C^ YDL206W. YDL230W. 
YDR140W^ YDR194C^ YDR212W^ 
YDR316W^ YDR329C, YDR338C^ 
YDR504C^ YDR505C^ YDR506C^ 
YER048C, YER052C, YER078C. 
YFL021W. YFL042C^ YFR045W^ 
YGL057C. YGL093W^ YGL105W. 
YGL216W. YGL221G. YGL223C> 
YGR198W^ YGR210C, YGR211W^ 
YGR274C^ YGR277C^ YHL021C, 
YHR160C. YHR171W^ YHR180W^ 
YIL108W, YIL165C^ YIL170W^ 
YJL049W, YJL128C, YJL165C^ 
YJR104C. YJR153W, YKL059C. 
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YGL252C^ YGL254W^ YGR089W, 
YHR017W^ YHR028C^ YHR106W^ 
YIL152W. YIL159W, YIL164C. 
YJRllOW, YJR139C, YKL025C. 
YKR068G^ YKR069W^ YLLOOIW^ 
YLR144C^ YLR157G^ YLR160C. 
YML112W^ YML118Wx YMR114C, 
YNL213C^ YNL250W. YNL265C, 
yOR088Wx Y0R155G^ Y0R257W^ 
YPL124W^ YPL151C^ YPL249C^ 
YPR125W> YPR158W^ YPR168W^ 
YAL014C^ YAL017W^ YAL049C> 
YBR037Cs YBR045C^ YBR051Ws 
YBR255W. YBR281C^ YCL044C. 
YDL065G. YDL089W^ YDL143W^ 
YDL233W. YDR040Cs YDR071C^ 
YDR221Ws YDR257Cx YDR271C^ 
YDR369C^ YDR421W, YDR425W, 
YDR515W, YEL005C^ YEL037C^ 
YER089C^ YER092W. YER100W^ 
YFR051C. YFR056C^ YGL040C^ 
YGL125Wh YGL166W^ YGL181W, 
YGR007W> YGR029W> YGR155W^ 
YGR237C. YGR250C^ YGR258C^ 
YHL037C. YHL038C^ YHR082C. 
YHR205W, YIL062C^ YIL072ff^ 
YIR009W, YIR018W. YIR031C, 
YJI1044C. YJR052W. YJR090C^ 
YKL079W> YKL090W. YKL094W^ 
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YKL192C. YKL209C. YKR052C, YKR102W^ YKR106W^ YLL054C, YLR025W. YLR097C, 
YLR200W, YLR226W^ YLR248W. YLR266C^ YLR392C. YLR427W^ YMLOISW^ YML029W^ 
YML041C^ YML051W, YML078W, YML079W. YML088W^ YML099C> YMR056Cs YMR068W^ 
YMR091C, YMRllOC, YMR160W, YMR186W^ YMR255W. YNLOOBC^ YNL026W^ YNL039W^ 

5 YNL063W, YNL064C, YNL077W, YNL083W. YNL147ff. YNL176C, YNL194C^ YNL253W, 

YNL257C^ YNL261Ws YNL264C, YNL276C, YNR006W. YNR034W^ YNR047W^ YNROSIC^ 
YNR071C> Y0L065C, Y0L067C^ YOROOSC^ Y0R008C^ Y0R022C^ Y0R023C^ YOR058C^ 
Y0R069W, YOR087W, Y0R138C^ Y0R229W^ Y0R256C^ Y0R267C^ YPLOOSW^ YPL020C^ 
YPL022W. YPL105C, YPL147W. YPH50W, YPL152W, YPL164C, YPL168W, YPL180W, 

10 YPL188W> YPL194W> YPR025C, YPR047W^ YPR049C^ YPR066Ws YPROSIC^ YPR134W. 

YPR140W> YPR148C. YPR155C^ YPR172W^ YPR185W, YAL018C, YAR064W^ YBR012C, 
YBR076W, YBR287W. YDR043C. YDR250C^ YDR373W^ YFR014C^ YGL191W^ YGR180C. 
YHR136C, YJL026W, YJL037W. YLR038C, YNL058C, Y0R031W, YGR087C, YIL166C> 
YHROOSC^ YIL129C^ YGL256W. YJR030C^ YMR077C^ YBR264C^ YPL177C^ YKR040C^ 

15 YGL056C, YDR128W. YGR139W. YBLIOIW-A, Y0R253W, Y0L026C. YDR278C, YHR095W, 

YCL042W, YNL200C. YPL221W. YLR415C, YMR058W^ YPR037Ch YER072W> YML028W, 
Y0R325Ws YAL039C, YMR112C, YJR107W, YGL088W, YJR058C, YNL142W, YDR090C, 
YMR071C, YBL093C, YGR293C, YML055W> YDL017W. YDL210W, YGL055W^ YCL025C. 
YDR080W, YDL181W. YNR030W^ YJL017Ws YIL127C, YDR281C. YDR366C, YFR026C, 

20 YJL212C> YPL215W^ YEL019C. YBR132C. YHLOISW^ YNL196C^ YPL038W^ YAR047C^ 

YPL262W^ YHLOOeC^ YPL225W, YBR124W, Y0R148C^ YKR053C. YBL044Ws YER029C. 
YLR360W^ YCL056C^ YCR007C^ YGR239C. YNL256W^ YPR146C. YLR377C, YKL097C^ 
YBR066C^ YLR338W^ YDL229Wx YBR253W^ YJR027W. YKL198C^ YBLOSOC^ YBR031W> 
YBR118W. YBR162C. YBR221C. YCR024C-A. YCR106W> YDL046W^ YDR012W> YDR133C^ 
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